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Introduction: 


The matrices and determinants are used in the field 
of Mathematics, Physics, Statistics, Electronics and 
other branches of science. The Matrices have 
played avery important role in this age of computer 
science. The idea of matrices was given by the 
Arthur Cayley, an English Mathematician of 19% 
century, who first developed, 
Theory of Matrices” "in 1858. 

Matrix: 

“An arrangement of different elements in 
the rows and columns, within square brackets is 
called Matrix”. 

Q41 412 
eg A= es ak 
The real numbers used in the formation of the 
matrix are called entries or elements of the matrix. 
The matrices are denoted by the capital letters 
A, B,C,D,...,M,N etc. of the English alphabets. 
Rows and Columns of a Matrix: 


. A141 A412 : 
InamatrixA = , the entries presented 
A21 422 


in the horizontal way are called rows. 


’ Qy1 
Ina matrixA = 
a24 


Q12 
a22 
in the vertical way are called columns. 
Order of a Matrix: 
Order of Matrix tells us about no of rows and 
columns. 
Order of amatrix = no.of rows X no.of columns. 
If a matrix A has m rows and n column then its 
order is 

O(A) =mxnorm-—by—-n. 
For example 
1 2 3 
9 7 has order 3 — by — 3 or3 X3. 


4 6 8 
Equal matrices: 


“Two matrices are said to be equal if 
The order of matrix A =The order of 
Matrix B 
Their corresponding elements are equal. 
Thus 


| the entries presented 


A= 


A=B. 
Example: 


A=[I, 7] anda=| 


are equal matrices. 


1 dad 
=—5 542 
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Exercise 1.1 


pk.com 


Question.1.Find the order of the following 


matrices. 

, 2 3 

oa=[%, 3 

Solution. 

Order of A = O(A) =2-by-2 or 2 x 2 

(ii). B = E 2 

Solution. 

Order of B = O(B) =2-by-2or 2 x 2 

(iii). C=[2 4] 

Solution. 

Order of C = O(C) = 1-by-2 or 1 x 2 
4 

(iv). D=]0 
6 

Solution. 

Order of D = O(D) =3-by-lor 3 x1 
aad 
b , 
c f 

Solution. 

Order of E = O(E) =3-by-2 or 3 x 2 

(vi). F = [2] 

Solution. 

Order of F = O(F) =1-by-lor1x1 
2s 0 

(vii). G = F a 3 
2 


(v) E= 


Solution. 
Order of G = O(G) =3-by-3or 3 x 3 


fi 2 3 4 
(viii). H = ki 0 6 
Solution. 
Order of H = O(A) =2-by-3 or 2 x 3 


Question.2. which of the following matrices 


are equal? 
A = [3], 
Cc =[5—-2], 
_ [4 0 
Belle. ok 
3-1 - 
3+3 : 
I=[3 342], 


Solution. 
From above matrices 


c-| 


Question.3. Find the values of a,b,c 
which satisfy the matrix equation. 
a+c a+2b) _ E —7 
c-—1 4d-6 3 2d 


eee, 22 
2+4 2+0 


andd 
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Solution. 
Given 
ae ae = k —7 
c—-1 4d-6 3 2d 
By the definition of equal matrices, we have 
a+c=0-(i),a+2b=-7 - (ii), 
c—1=3 > (ili) ,4d — 6 = 2d > (iv) 
From (iii), we have 
c=3+1=4 
From (iv), we have 
4d—-6=2d 
4d—-—2d=6 
2d =6 


a= 


d= 
Using value of c = 4 in (i), we have 
a+4=0 
a=-—4 
Using value of a = —4 in (ii), we have 


Hence a = —4 ,b= 5 ,c=4andd=3. 
Types of Matrices: 
Row matrix: 

“A matrix having single row is called Row 
Matrix.” 


Example: 
M=[1 2 3]isarow matrix of order 1 — by — 3. 


Column matrix: 

A matrix having single column is called column 
Matrix. 

Example: 


3 

M= : is a column matrix of order 3 — by — 1. 
2 

Rectangular matrix: 


A matrix in which number of rows is not equal to 
number of columns is called rectangular Matrix. 
Example: 


1 0 


aad 
; ‘ and fe | are rectangular matrices. 


f 


Square matrix: 

“A matrix in which number of rows is equal to 
the number of columns then matrix is called square 
matrix.” 

Example: 


| has order 3 — by — 3. 
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Null or Zero Matrix: 
“A matrix whose each element is zero, is called a 
null or zero matrix. It is denoted by O.” 
Examples: 

0 0 O 
[Oo] , [0 O], f 0 , are null matrices. 


0 0 0 
Transpose of a Matrix: 


“A matrix obtained by changing the rows 
into columns or columns into rows of a matrix 
is called transpose of that matrix. If Ais a 
matrix, then its transpose matrix is denoted by 
At." 
Example: 

1 2 3 1 9 4 
fA=|9 7 then A’ =|2 7 

4 6 8 3 6 8 


11 
fB=[! 3 ‘) thenBt=|3 9 
19 4 2 


If a matrix B is of order 2-by-3 then order its 
transpose matrix B® is 3-by-2. 

Negative of a Matrix: 

“Let A be a matrix. Then its negative, —A is 
obtained by changing the signs of all the entries 
of A.” 

Example: 

1 -2Z -1 2 
fA=|5 4 | then-A=[_, “il. 
Symmetric matrix: 

“Let A be the square matrix, if A‘ = A then A is 
called symmetric matrix.” 
Example: 
1 2 3 
A = | Zeeeeil , is a square matrix then 


3 4 O 
“3 


—1 4/=A. 
4 0 
Thus Ais symmteric matrix. 
Skew-symmetric matrix: 
“Let A be the square matrix, if A’ = —A then 
Ais called skew symmetric matrix.” 


Example: 
0 2 3 
1} is a square matrix then 


3 1 0 
—2 -3 0 2 3 
2 O =| --|-2 0 
3 #1 0 -3 -1 0 
= —A, 
Thus Ais askew — symmteric matrix. 
Diagonal matrix: 
“A square matrix A is called a diagonal matrix if 
at least any one of the entries of its diagonal is not 
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zero and non-diagonal entries are zero.” 
Example: 
1 0 0 
Rae oO Oka 
0 0 3 
are called diagonal matrices. 
Scalar Matrix: 
“A diagonal matrix having same elements in 
principle diagonal except 1 or O is called scalar 
matrix.” 
Example: 


1 0 


and C =|) 0 


0 


| and B 


= is 4 are Scalar matrices. 
Unit Matrix or Identity Matrix: 
A diagonal matrix is called identity matrix if all 
diagonal entries are 1. It is denoted by J. 
1 0 0 
T= o 1 , and I 
0 0 1 
= lS "| are identity matrices. 


Exercise 1.2 


Question.1. From the following matrices, identify 
unit matrices, row matrices, column matrices and 
null matrices. 


ms 


1 
0 


Solution. 

Identity Matrices: D 

Row Matrices: B and E. 

Column Matrices: C ,E and F. 

Null Matrices: A and E. 

Question.2. From the following matrices, identify 

(a) Square matrices, (b) Rectangular matrices, (c) 

Row matrices, (d) Column matrices, (e) Identity 

Matrices, (f) Null matrices. 

(i). 

ee a 3 
12 0 4 


(vi). [3 10 -1] (vii). 


1 1 2 3 0 O 
| q (viii). -: Z q (ix). | 0 
0 0 oO 1 0 0 


4 
B=([2 3 4, c=|0 
6 


=| 


Chapter 1 


www.notes.pk.com 


Solution. 

(a). Square Matrices: (iii). (iv). (viii). 

(b). Rectangular Matrices: (i). (ii). (Vv). 

(c). Row Matrices: (vi). 

(d). (ii). (vii). 

(e). (iv). 

(f). (ix). 

Question.3. From the following matrices, 

identify Diagonal matrices, Scalar matrices 

and Unit (identity) matrices. 

4 0 2 O 1 O 

4=[5 4) fa al: C= 4 
a= | o ol F= | 0 

Solution. 

Diagonal Matrices: A,B,C,D,E. 

Scalar Matrices: A,C,E. 

Unit Matrices: C. 

Question.4. Find the negative of matrices A, B, 

C, D and E when: 


| 


1 
(i). A=] 0 | 

—1 
Solution. 


Gi). B=[5 1 
Solution. 


(iii). C = 


Solution. 


(iv). D = 4, 


Solution. 


_ fil 
(v). E = E 
Solution. 
_f-1 -2 
es "3 —4 
Question.5. Find the transpose of the following 
matrices: 


wq (iii). E ¥|| (iv). [A= le 


Solution. 


(ii). 
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Solution. 


Solution. 


Question.6. Verify that if A = lo Al iz 


E ‘| ,then 


(i). (A‘)' =A 
Solution. 
Given 


nt 
a=[5 1 


t\t _f1 Z| 
(4"=lo l= 
(Ai =A 


Hence Proved. 
(ii). (B‘)' = B 
Solution. 
Given 
ae 
ae E 0 
t_f1 2 
dias a 0 
ye — [Ee 
(By =|5 ol=8 
(B')\t=B 
Hence Proved 
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Addition of matrices: 

“Let A and B be any two matrices of same order 
then A and B are comfortable for addition.” 
Addition of A and B, Written as A + B is obtained 
by adding the entries of the matrix A to the 
corresponding entries of 

the matrix B.” 

Example: 


are comfortable for addition. 


2-2 3+3 peel 6 5] 


A+B=[14 042 Gesl loo 9 
Subtraction of matrices: 


Let A and B be any two matrices of same order then 
A and B are comfortable for Subtraction. 
Subtraction of A and B, Written as A — B is 
obtained by subtracting the entries of the matrix A 
to the corresponding entries of the matrix B. 

1 0 6 


Example: 
—2 3 4 
Let A=| 124 
are comfortable for Subtraction. 
2+2 3-3 0-4 4 0 -4 
a Ble 0-2 6-3 le —2 a | 
Multiplication of a Matrix by a Real Number: 
Let A be any matrix and the real number k be a 
scalar. Then the scalar multiplication of matrix A 
with k is obtained by multiplying each entry of 
matrix A with k. It is denoted by kA. 
Example: 
2 3 0 


LetA= 4 0 4 then kA = | 
Commutative Law for Addition. 
If A and B are two matrices of the same order, Then 


A+B=B8+ Ais called commutative law under 
addition. 


2k 3k ] 
1k O 6k 


A+B=B+A 
Associative Law for Addition: 
If A, B and Care three matrices of the same order, 
Then 
(A+B)+C=A+(B +C) is Called Associative 
law under addition. 
(A+B)+C=A+(B4+C) 
Additive Identity of a Matrix: 
If A and B are two matrices of same order and 
A+B=A=B+A 
Then matrix B is called additive identity of matrix A. 
For any matrix A and zero matrix of same order, O 
is called additive identity of A as 
A+O=A=O+A. 
Additive Inverse of a Matrix: 
If A and B are two matrices of same order and A + 
B=O=B+A 
Then matrix B is called additive inverse of matrix A. 
“Additive inverse of any matrix A is obtained by 
changing to negative of the symbols (entries) of 
each non zero entry of A.” 
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. 1 1)_7f-1 2 1 1 
Question.1. which of the following matrices are 


comfortable for addition? = [- +1 2+ 1 
0 —2+1 1+4+1 
1 0 3 
—2 


241 Answer. 
(ii). B+ 
F=)]14+1 -4 Solution. 


34+2 2+1 
Solution. 


Since order of A and E are same so they are 
comfortable for addition. 

Also order of B and D are same so they are 
comfortable for addition. Answer. 

Also order of C and F are same so they are (iii). C+[-2 1 3] 

comfortable for addition. Solution. 

Question.2. Find the additive inverse of the following C+[-2 1 3)=[1 -1 2]+[-2 1 3] 
matrices: =[1-2 -14+1 243] 

. _[2 4 =[-1 0 5] 

Uns i 1 Answer. 

Solution. 


—2 
3 


=| 


: 0 0 
ee (w.D+[, 
Additive inverse of A= —A= : 

1 0 1 = Solution. 

7 0 m [ig 2 3 0 1 0 
(ii).B=|2 —1 | D+, dla o oltls 0 a 
& =-Z2 1 i Z+1 aH 
—1+ 2) oS 2+1 


Solution. 


_ 3 
Additive inverse of B = —B = 7 E 0 3 
Answer. 
vt _ [4 (v). 2A 
(iii). C = 
~ Solution. 
Solution. 


Additive inverse of C = —C 


1 0 
(iv). D=|-3 —-2 Answer. 


2 1 (vi). (-1)B 


Solution. 
Additive inverse of D =—D (-1)B = (-1) EI 


Solution. 


1 O 
MES lo il 
Solution So ieies 
, = (vii). (—2)C 
Additive inverse of E = —E Solution. 
we iva: 2 (-2)C =(-2)[1 -1 2] 
(vi). F = vs 2 =[-1 2 -4] 
Solution. PHEWES 
_V3 (viii). 3D 
Additive inverse of F = —F = Solution. 


1 
Question.3.If A = E ‘|B = ae = 
nt aoe 5 3 
Then find, Answer. 


. 11 (ix). 3C 
(i). A+ - All Solution. 
Solution. 
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Answer. 


—1 
1+1 2+0 3-2 
=|2-1 3-1 1+0 
Question.4. perform the indicated operations and 240 142 2=4 
simplify the following 22 1 


a VE Del 
Solution. Answer. 
(Fo al+ls D*lo al (19 al+lo Dts al 
(B20 83) [h HE | seuees 


0 

“ls | fe Ta a ae 

=a al ~(lovo asa) +s il 
2 3 = + 

“62 shal tl 

SWF. ~-lO+1 241 


., [1 O 3.5 
(ii). i 1 = 5 | 
F 0 1 2 3 
0 1 0 1 0 Question5.For the matricesA4=|2 3 1|,B= 
1 -1 0 


—2 2 
3 
0 O 
C= —2 3], Verify the following rules: 
= 1 1 ie 
Answer. (i). A+C=C+A 
(ii). [2 3 1]+({1 0 2]-[2 2 2)) Solution. 
Solution. eae : . ae a 
a3 eae a ? a) LHS=)}2 3 1/+/]0 -2 d 
+({1-2 0-2 2-2)) 1-1 2+0 340) ~ 
=[2 3 1fml-1 -2 0] IDS =|24.0e03—2 143 
=-[2-1 Beenie ‘tl —le 0+2 
=[1 1 0 2 3 
Answer. Las=|2 1 1 
1 2 3 1 2 x= Om 2 
ew. —-1 -1]/+ 2 R.H.S=C+A 
0 1 2 3 
Solution. R.H.S = 
3 111 1 
-1/+/]2 2 2 —-1+1 0+2 
9 3 3 3 R.H.S=|0+2 -24+3 
14+1 2+1 1+1 1-1 
=|-1+2 -1+2 0 
0+3 143 L.H.S =} 2 
2 3 4 2 -0 
1 Hence Proved L.H.S = R.H.S. 
5 (ii). A+B=B+A 
Solution. 
L.H.S=A+B 
1 2 38 1 -1 


- LHS=)2 3 1/+]2 -2 
Solution. 1 =-1 0 3 1 


i) —1 2 


=!1 1 
3.4 
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14+1 
2+2 
14+3 
2 1 
4 1 3 


4 0 3 
R.H.S=B+A 


2-1 341 
3-2 142 
-—1+1 0+3 
4 


L.H.S = 


L.H.S = 


1 
2 
3 


-1 1 
—2 2 2 


3 1 
—1+2 


—2+3 
1-1 
2 1 


1 


R.H.S = + 


1 
14+1 
2+2 
34+1 


R.H.S = 


L.H.S = 


4 
3 
3 


4 1 
4 0 
Hence Proved L.H.S = R.H.S. 
(iii). B+C=C+B 
Solution. 
LHS=B+C 

1 -1 1 
2 —2 2 0 


3 1 3 y 1 
1-1 -1+0 1+0 


2+0 -2-2 243 
34+1 1+1 342 
0 -1 1 


—-1 0 


L.H.S = + 


L.H.S = 


LH.S=|2 -4 5 
4 2 5 
R.H.S=C+B 
-1 0 0 
0 283 2 


1 1 2 3 
-1+1 0-1 


0+ 2 —2 =e 
1+3m 1+ 
0 -1 


il 


nus=| + 


R.H.S = 


R.H.S =|2 


4 
Hence Proved L.H.S = R.H.S. 


(iv). A+ (B+A)=2A+B 
Solution. 

L.H.S =A+(B+A) 

1 2 3 

3 1 

-1 0 

1 


2 
2 


—4 
2 


L.H.S = 


1 
-1 1 


—2 2 


1 
+( 
2 
3 
—1 
14+2 


2+4 
1+4 
3 


+ + 


3 
14+1 
2+2 
34+1 
3 


3 

2 3 

3 1 

—-1 0 
1 


1 
2 


Las =| 
1 


2 
1) +14 


0 4 
2+1 


34+1 
—1+0 


3.7 
4 4 
-1 3 


L.H.S =| 2 


1 
L.H.S = 


L.H.S = |6 


5 
R.H.S =2A+B 


0 
F2 3 


2 


5 
5 


1 
2 


1 
—-14+2 


—24+3 
1-1 
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-1 1 
—2 2 
1 3 
0+1 


34+2 


2+3 
1 


2 
3 
—1 


1 4 
1 d 
0 3 
34+4 
14+3 
0+3 


2 3 


Hence Proved L.H.S = R.H.S. 
(v). (C -—B)+A=C+(A-B) 
Solution. 

L.H.S =(C—B)+A 


-1 O 
L.H.S =|] 0 
1 
—1 


if 
L.H.S =|| 0-2 
1-3 


+42 


0 
0 


1 -1 1 


=2 2 


+1 


0-1 

—2+2 3-2 

-1 2-3 
3 


1 
2 
3 


=e 

—2 0 

a2 Ome 1 
—2 + 1 
—2+2 0 
—2+1 0 
=il 

0 

=a 


Lns=| 
L.H.S = 


L.H.S = 


R.H.S =C+(A-B) 
To @ 
0 -2 g 


nns=| 
1 


R.H.S=|0+0 
1-2 

—1 

R.H.S = 
—1 

Hence Proved L.H.S = R.H.S. 
(vi). 2A +B=A+(A+B) 
Solution. 
L.H.S =2A+B 


1 


-1 


3 


—1 


+42 


—1 0 
-1+3 


1+1 
—-1+0 


2 
2 
—1 


1 
+2 
+3 
-—1 
3 


3 


—2+5 


2 
2 
—1 
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R.H.S =A+(A+B) 
1-2 3 
LHS=|]2 3 1 


1 -1 0 
1 


—1 1 
1+1 
+ 


2+2 
1!4+3 
Mm Z 

2 


1 


2-1 341 
32 = 1+2 


—-1+1 0+3 
2 wll 3 


4 1 3 
4 0 3 
3+4 
14+3 
0+3 


3 
1 


0 
2+1 


2+4 341 


1+4 -1+0 
3 


6 


5 
Hence Proved L.H.S = R.H.S. 


(vii). (C -B) -A=(C-—A)-B 
Solution. 
L.H.S=(C-—B)-A 


LHS = (|e " 


3 
wl 
1+2 


Rus =| + 


R.H.S = 


R.H.S = 
— iis 


0 -2 
1 


0 

0+1 O-1 

—2+2 3-2 

1-1 2-3 
2 3 


} 


RHS=(C=A)=—B 
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—2-1 O+1 

—-3 -1 
-—3 

Hence Proved L.H.S = R.H.S. 

(viii). (A+B)+C=A+(B+C) 

Solution. 

L.H.S =(A+B)4+C 


Cr 2 
L.H.S = 


2h OL 
1 -1 0 
1 
1 +h 2-3 4+1 
2 4a 3 ee 1+ 2 
14+3 -1+1 0+3 
214 =a 0 
4 1 3 0 


4 0 3 1 1 
2-1 1+0 4+0 


4+0 1-2 3+6 
4+1 0+1 342 
1 1 


1 
2 
3 


-1 1 
—2 2 
1 3 


+ 


) 


-1 
0 
1 


2 


L.H.S = + 


0 


Las =| + —2 


L.H.S = 


LHS=|4 -1 


1 
R.H.S=A+(B+C) 
1m 2 
2 1 
1 


R.H.S = 
0 
1 
2 


3 
2 3 


3 1 
-—1 0 
1 


-1 1 
—2 2 
1 3 
1-1 

+( 2+0 
34+1 

2 3 0 

3 

—1 


1+0 

2+2 

1+4 
1 


-1 0 0 


0 -2 )) 
1 1 2 
—-1+0 1+0 
—2-2 243 
14+1 342 

-1 1 


+ 


1 
2 
1 


R.H.S = 


R.H.S =| 2 


1 


1) +42 
0 4 
2-1 
3-4 
—-1+2 
1 
—1 
1 


R.H.S = 


4 
9 
5 


R.H.S = |4 


5 
Hence Proved L.H.S = R.H.S. 


(ix). A+ (B—C) =(A-C)+B 
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Solution. 
L.H.S =A+(B-C) 
1 2 3 
LH.S=|)2 3 
1 -1 
—-1 1 —1 
—2 2|-| 
1 3 1 
1+1 
2-0 


1 

LH.S =|2 i +( 
3-1 

3] [2 


1 -1 0 1-1 
1 2 —1 
LHS=|}2 3 1}/+]2 


—-1 0 2 
14+2 2-1 


2+2 3+0 
1+2 -1+0 
3 1 


L.H.S = 


LH.S=|4 3 0 
3 «kG 
R.H.S =(A-C)+B 


1 2 3 —-1 0 0 
RAS=\)|/2 3 1/6) 04 -2 3 
1 -1 0 Ted 2 
1 1 
2-0 37m 133 


1 

|Z 

1—1 —1feal + 0 a2 3 
2 2 3 1 Bee 1 


RAS=|2 5 -—20|2 Gam 2 
0 -—2 —-2 3 Bilge 3 
2+1 2-1 34+1 


+27 —2 2 


3.1. 3 
1+1 2-0 3-0 
R.H.S = 


R.H.S=|24+2 5-2 
0+3 -2+1 
3 #1 
RHS=|4 3 O 
3 -1 1 
Hence Proved. L.H.S = R.H.S. 
(x). 2A +2B=2(A+B) 
Solution. 
L.H.S = 2A+2B 
1 
L.H.S =2 


1 
2 


2+ 2 
—2+3 
4 


Lns| 


2 


R.H.S =2(A +B) 


1 2 
LH.S=2\{|2 3 


1 -1 
1+1 
24+2 


Runs =2( 
1!4+3 


-14+1 0+3 


0 


rae 
) 


1 


-1-0 1-0 
—2+2 2-3 


3-2 
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2 
R.H.S=2 


nns-| 


7 
Hence Proved L.H.S = R.H.S. 


Question.6. If A = E 7 and B = 
& 4 find 
(i). 3A — 2B 
Solution. 
3A —2B =3 | 


3A — 2B =| 

3-0 

G46 W246 
20 
=4 


3A — 28 =| 


_73 
FA—2R = se 
Answer. 

(ii). 2A — 3B¢ 
Solution. 


Answer. 
Question.7. If 2 
7 10 ; 
Lie 1 lad Hue 
Solution. 
Given that 


23 


=§ 


4 1 b 7 10 
ee “A= lis 11 
4 8 B 3b] _ [ | 
—6 2a 24. -12 18 1 
44+3 8+3b]_ 77 10 
he 25 a fos 12 ~ is 1 | 
lig el lig i 
By the definition of the equal matrix, we have 
8+3b=10, 2a-12=1 
3b=10-8, 2a=1+12 
13 


a2 
a ees 


Hence a = = and b = = 
2 3 
Question.8. If A = 
E 1 : 
2 ol , then verify that 
(i). (A+ B)f = A‘ +B 
Solution. 
L.H.S = (A+B)* 


t 
nase(B +E aD 
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14+1 
0+2 
2 
2 


LHS =|; F 


LS=(| 


LHS =[ 


-[1 Ale 


Hence Proved. L.H.S = R.H.S. 
(ii). (A — B)' = A’ — Bt 
Solution. 
L.H.S =(A-B) 
t 
LHS=([) a-L. al) 
1-14 Ea 
0-2 1—0 
Ly Soe i 


L.H.S = ([ 


LMS [7 Tl 
R.H.S = At—Bt 
pas=— I a 


Hence Proved. L.H.S = R.H.S. 
(iii). A + At is symmetric. 
Solution. 


t 
(A+ A‘)t = E ss 


2 2 
ray=[> 3] 
Using equation (i), we have 
(A+a)o =At cA 
Hence A + A! is symmetric. 
(iv). A — A‘ is Skew — symmetric. 
Solution. 
1 al 


A-Ar=[)75 1=1 


www.notes. 


Using equation (i), we have 
(A—A‘)' = -(A- A‘) 
Hence A — A° is Skew — symmetric. 
(iii). B + B* is symmetric. 
Solution. 
rfl 421,70 a7 
Bee =|) lb al 
1 1 E | 
2 0 1 O 
14+1 1+ A 
2+1 0+0 


pestefE ]---o 


B+B =[ 


B+ B =| 


2 37° 
2 3 

tyt — 
(B+ Bt)yt = ie ; 
Using equation (i), we have 

(B+ B)'=B+B* 

Hence B + B is symmetric. 
(iii). B — B' is Skew — symmetric. 
Solution. 


(B +B) =| 


B-Bt=() 1 


Using equation (i), we have 
(B — Bt)t = —(B - B*) 


pk.com 


Class 9 


Multiplication of Matrices: 


Two matrices A and B are conformable for 


multiplication if 
No of col of A =No. Of Rows of B 


Exercise1.4 


Q#1) Which of the following product matrices is 
conformable for multiplication?. 

. {1 -—1][-2 

(i). F 2 || 3 | 

Sol: 

Conformable for multiplication because 

No of col of 15t Matrix= 2 =No. Of Rows of 274 
Matrix 

., {1 —1])/2 -1 

un: ii 0 | li 3 | 

Sol: 

Conformable for multiplication because 


No of col of 15* Matrix= 2 =No. Of Rows of 24 
Matrix 


(iii). olf | lee 
Sol 
Not conformable for multiplication because 
No of col of 1°t Matrix= 1 # 2 =No. Of Rows of 
24 Matrix 

1 v4 
(iv). | O -1 


1 dm-1 
=i .=2 | 


O 12 

Sol: 

Conformable for multiplication because 

No of col of 1st Matrix= 2 =No. Of Rows of 2"4 
Matrix 


oe? SE 


Sol: 
Conformable for multiplication because 
No of col of 15t Matrix= 3 =No. Of Rows of 2" 


Matrix 
ain a=[3, 9h 2=[9 
Find (i). AB 
(ii). BA (if possible) 
(i). AB 
Sol: 
a=" IE 
=| (3)(6) + (0)(5) 
CS De) + (2)(5) 
ge + eA 
= | 


(ii). BA (if possible) 
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Sol: 
_ f6yy7 3 
a=[q[5, 
Since 
No of col of A = 1 + 2 =No. Of Rows of B 


Multiplication is not possible. 
Q#3) Find the following products. 


[1 21 [9] 

Sol: [1 2] (3 

= [(1)(4) + (2)(0)] 
= [440] 

= [4] 

(ii). [1 2] >, 

sol: {1 2]| °,| 

= [(1)(5) + (2)(-4)] 


= [(-3)(4) + (0)(0)] 
S112 +0 
= [-12] 
(iv).[6 0] (3 
Sol: [6 0] Hl 
= [(6)(4) + (0)(0)] 
= [24 +0] 
= [24] 
1 
(v). -s 
6 
| 1 2 
Sol: |—3 
6. —-1 0 
(1)(4)+(2)0) =A) G) + (2)(--4) 
(—3)(4) + (0)(0) (—3)(5) + (0)(-4) 
oo (= eae (6)(5) + (—1)(-4) 
+ — 


—12+0 —-15+0 
24+0 30+ 4 


Q#4) Multiply the following matrices. 


2 
(a). F 
0 
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=| 1))+(2)@) (-1)()+ Sind 
(1)(0) . LO) (1)(0) + (1)(0) 


(22) +3) HD+ BO) “loro 0 ae 

(12) + (3) = ()(-1) +O) =[° 7 

o@+c 2103) (1) + -2O) Co. pare « 2 
aus) Leta = || ob B= (3 ie" and 


_72 1 : 
C= li 3), Verity that 
(i). AB = BA 


Sol: L.H.S = AB 
= ; 2 : 


2 
om | Ge DOIG °3) (-1)(@2) + @)C5) 
+ OC fe (2)(2) + (0)(—5) 


=1 
= Gee 4+Q]QAD+OC-Y) OA+MA4 + G@B)@ 
HYNOY)+HBA)+6-) M2+6)4 + @@ 
L+6—3 2+ 6085 


lar is—6 8+20+6 
ne 1) (2902) (1)(3) + (2)(0) 
NS ee ee 5) (—3)(3) + (—5)(0) 


- From (1) and (2), we have 
QOM+Q04M @OMO+Q0®%) WB+Q AB # BA 
=|Q@0+@MM @O@+M@) WGW+MO | (ii). ABC) = (AB)C 
YM+M4M) C)0@+M6) -)G)+@O Sol: 
1+8 2+10 B+ 12 L.H.S = A(BC) 
6+20 9+24 sfql wt “ai” 21) 
—5 


—2+5 -34+6 a 1 3 
15 (1)(2) + (2)() (1)@) + (2)(3) ) 
ate apart hee 3)(1) + (-5)(3) 


2 
=f a DaH+OC 11) EDGI+ Ge a | 
oe ae (2)(7) + (0)(—18) 


7 5 
@2)+6-4) @(-3)+OM 
5 
O2+H-) ©(-3)+O@ 


_ be —20 -20+ 20 = 
~ 112-16 -15+4 16 
—4 0 


a 


0 
ol (2)(2) + (4)() (2)(1) + (4)(3) 


(= NORIOTS 3) ve JQ) * AC all if 
Oe ‘ele ee s) ll 3 


=[e40 +40, 1 3 
i 10 aL 


ite “10)(2) + (- ind) S10) +e ad 
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From an Pe io we have 
A(BC) = (AB)C 

(iii). ACB + C) = AB + AC 
Sol: 

L.H.S = oe 


“[e oll 7) 


= NE)+ OC 2) yale | 
QB) + (or 2) (2)@3) + (0)(-2) 


.H.S 
“= 


3 
> all-aézsl)* (baal lt 3) 
_[CoO+OEC_ V+) 
(21) + (OM-3)_ (22) + (OS) 
DB+OA_ CDA + OG) 
QQ+OO OD+OG 
—2@ea —1+9 


aa 4+0 2+0 


Ff 
“16 pacar 1 8 
2 


40 +1 -17 . 8 
2+4 4+2 
-| : “| 2) 
From (1) and (2), we have 
A(B + C) =AB+AC 
(iv). ACB — C) = AB-— AC 
Sol: 
L.H.S = ee 


* l(ls “sl-E a)) 
LZ a= i 

dls. “ssl 

ally =} - 
ic i= D+@OC Ay CDOT oye | 
oS se OC 4)  (2)(1) + (0)(-8) 


2 alt a) 
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al )@+QC3) €1)Q+QC | 
(2)(1) + (0)(-3) = (@)@) + (0)(—5) 
-[© 1)2)+()@) €1)G) + ol 
(202) sg ee (2)(1) + (0)(3) 
a —2+3 -1+4+9 
2+ ‘ : + 7 4+0 2+0 
=|" 10 TT I-E = 8 
2 2 
=[- 10-1 “17° — a 
2-4 
alo 25 im 
From (1) saa (2), we have 
A(B — C) = AB — AC 


Q#6) For the matricesA = & “| b= [” 3 | 


andC = K2 ©) verity that 
(i). (AB)! = BtAt 
Sol: : L.H.S = (AB)! 
First we i = 
ap = |p “5 
-|e DN) # OCI (D+ @CS) 
QH+ OC)  @W)+ OCS) 
gen mo 
AB=|"> 10 | 
Taking transi on both side 
vor [9 2" 
t_J—-10 2 
(AB)' = |", 
-R.H.S =.Beae 
1 rr 
lla, 
, a «< e% ; 
=[OC DEC 3)(3) (1) (2) + (—3)(0) 
QC oy 33) (2)(2) + (—5)(0) 
=|" 2- ie hed | 

Btat = ‘] (2) 

From nie (2), we have 

(AB)é = Btat 

(ii). (BC)! = ctBt 

Sol: L.H.S = (BC)* 

First we find BC 


a E aie 2 
=| (1)(—2) + (2)(3) (1)(6) + (2)(—9) 
(— ie one Je) (—3)(6) + (—5)(-9) 
= [574 15. as 


4 
ke ey 71702) 
Taking transpose on both side 


a 2 


|.() 
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= loa pi Be (6) 3) sas Go 9(- 5) 

= 2+6 a 

6— a “184 45 

tpt — 
aaa Be 27] (2) 
From (1) and (2), we have 
(BC) =Cc Rr 
Determinant of 2x2 matrix: 
_fa_ b . 

Let A-|? A be 2x2 square matrix, the 


determinant of A is denoted by |A| or detA 
And given as 
_ fa b 
Al= ; d 
= (a)(d) — (b)(c) 
= ad — bc 
For example, A = 
_{-1 1 
Al = 2 O 
= (-1)(0) - (1)(2) 
=0-2=-2 
Singular and Non-singular matrices: 
Singular matrix: 
A square matrix A is called Singular matrix if its 
determinant is zero i.e.|A| = 0 


— it 
2 O 


_3 @ 
For ein A= [3 | 
l= [3 
= (3)(2) - 3)@) 
=6-6=0 
Non-Singular matrix: 


A square matrix A is called Non-Singular matrix if 
its determinant is not zero i.e.|A| # 0 


For example, A = E; ; 
_[-1 
=|; 


= (-1)(0) - @)@) 
=0-2=-2+0 
Adjoint of Matrix A: 


“Adjoint of a square matrix A=|@ “| is obtained 


by interchanging the diagonal entries and 
changing the sign of other entries.” 


For example, A = ie | 
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AdjA=[° ~*) 


=2 =i 


Exercise 1.5 


Q#1) Find the determinant of the following 
matrices. 


=(1)(—2) Hah 
6 = 8 


(iii). C = [3 : 
Sol: 
cl=|3 


= 3)2)- 3) 
=6-6=0 


: _f3 2 
(iv). D = + 
Sol: 
: 2 
IDl=|5 3 
= = (3)(4) — (2)(1) 
= 12-—2=10 
Q#2) 
Find which of the following matrices are singular 
or non-singular? 


. _[3 6 
(i). A= 2 4 
Sol: 

3 
l4l= |; 
= (3)(4) — (6)@) 
=12-12=0 
Hence, matrix A is singular matrix. 
(ii). B= [3 1 

a 2 

Sol: 

: 1 
IBl=|3 5 
= = (4)(2) =) 
=§8-3=5 
Which is not zero and hence, matrix A is Non- 
singular matrix. 
” _ [7 
(iii). C = i 
Sol: 
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= (7)(5) — (-9)(3) 

= 35+ 27 = 62 

Which is not zero and hence, matrix A is Non- 
singular matrix. 


(iv). D = Ee a 
Sol: 
|D| 


= (5)(4) — (—10)(—2) 
= 20-20=0 
Hence, matrix A is singular matrix. 


ae. 


Q#3) Find the multiplicative inverse (if exists) of 


each: 
1 3 


(i). A= a 
Sol: First we find the determinant of A as 
_ |-1 
4l=[; 
= (-1)(0) - @)Q@) 
=0-6=-6 
Which is not zero and hence, matrix A is Non- 
singular matrix and A~? exist. 


Now, Adja=[" >| 
As 
A : AdjA 
= 7,24 
|A| 
Putting values 


a 1, 


A= 


0 
1 
3 


(i). B=|- I 


Sol: First we find the determinant of B as 


1 
|B| = is ‘| 
= (1)(-5) — @)(-3) 
=-5+6=1 
Which is not zero and hence, matrix B is Non- 
singular matrix and B~? exist. 
5 _[-5 —2 
Now, AdjB = | 3 1 | 
As 
Bo1 : —AdjB 
J 
~ [BI 
Putting values 


lyre 7 
pt=-[? lel 
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wca[? 4 


Sol: First we id the determinant of C as 
_ |-2 

Icl=| 3 “| 

= (—2)(—9) — (3)(6) 

=18-18=0 

Which is zero and hence, matrix C is singular 

matrix and C~! does not exist. 
1 3 

(iv). D = a | 
1 2 

Sol: First we find the determinant of D as 


Which is not zero and hence, matrix D is Non- 
singular matrix and D~*+ exist. 
2 


Now, AdjD = 
=1 


As 
Ds . — AdjD 
J 
~ (DI 
Putting values 


(i). A(AdjA) = (AdjA)A = (detA)I 
Sol: First we find the determinant of A as 


al=|, 

= (1)(6) — (2)(4) 
=6-8=-2 
Now, Adja=|°, ~?| 
Let A(AdjA) = k z| i a 


Ses a) (i= a 


OO) + (6) ry (4)(—2) + (6)(1) 
= ae 24 -8+6 


A(AdjA) =|" -2h (1) 
And (AdjA)A = pa a ae 


ae ae (4) (6)(2) + (- eee 
(-)M+M4 (-4)@2) + ©) 
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= 6-8 12-12 

—44+4 es Ba 
(AdjA)A = | j a) - 
Also, (detA)I = —2 lo tls | 0 *5]-(3) 
From Eq(1), (2) and (3), we have 
A(AdjA) = (AdjA)A = (detA)I 
(ii). BB-1 =B4B=I 
Sol: First we find the determinant of 

_ {3 -1 
l= |) 
= (3)(-2) - (-1)(@2) 


Putting values 
pie Zi 2 : 
Let BB (27 AL : , 


*=alae aT ~1)(- 2) (3)G)+(-)G) 
—41(2)(—2) + (-2)(—2) (2) + (-2)(3) 
=—642 3=—2 
i. —-4+4 2- 7 


=+|> Be 0 im 
asec & 

AlsoB-*B = =|7 9 lk ie 
= = 2)(3) + (@y (21) + 4 

—41(-2)(3) + (3)@) (-2)(-1) + (3)(-2) 
_ —-6+2 2-2 
| me + 6 2 ae : 

1[— 

ale “al = lo sy pememi 
From (1) and (2), we have 
BR js BR SJ. 
Q#5) Determine whether the given matrices are 
multiplicative inverse of each other or not. 


‘ a 


1OO- + 5)(- 4) (3)(-5) + G)G) 

A+ M4) 4-5) + MG) 
Se es 

28-28 -20+21 


=[0 


Yes, the given matrices are multiplicative inverse 
of each other. 

we fk “2 —3 2 

(i). [5 gf and | ; S| 

Sol: 
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Zz & S| 
oie = 
_(MC-3+Q2) WM2+ Me) 
LOC 7 (2)(2) + (3)(-1) 


Yes, the given matrices are multiplicative inverse 
of each other. 
o| —4 
,B=| 
2 1 


_ [4 
aus) fa =|“ 
ie 5), then verify that 
(i). (AB)-1 = B-1 4-1 
Sol: L.H.S=(AB)~1 
First we find 
AB = ISA 
= 4+ (C1) (4)(—2) + (0)(-1) 
1p (— mei iS (-)C2)+ QC) 


“Tae rh bf 


lc. 
Now, we fit the its determinant 

—-16 -8 
ele | 0 | 
= (—16)(0) — (8) (6) 
= 0 — (—48) = 48 
Which is not zero and hence, matrix AB is Non- 
singular matrix and (AB) ~* exist. 

-, pee O 
Now, AdjAB = 
As 
(AB) t= : AdjAB 

~ [aBy 
Putting values 

_ =i — 1 0 

L.H.S = (AB) =— & 
(9)|_Wwe 
First, we find B-? and A“? 

4 0 
lal=|" 
= (4)(2) — (0)(-1) 
=8-0=8 
Which is not zero and hence, matrix A is Non- 
singular matrix and A7? exist. 


Now, AdjA = 5 


A-1 = —AdjA 
|A| 
Putting values 
1/2 0 
-1 nas 
= 8 b i 
Also, |B| = | 1 4 


=(-) ED) = 2) 


“‘ and D = 


WH — 


-16 


ee 
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oo _ Now, Adja =|* ° 
Which is not zero and hence, matrix B is Non- 1 4 


singular matrix and B“* exist. Atl= ayy 


_[-1 2 [A 
Now, AdjB = Ee Ee Putting values 


1 172 oO 
B-1 = —AdjB a 
~ [By : ali 4 


Putting values Also, |D| = | 3 


+ 17-1 2 
| ee = (3)(2) — @)(-2) 
RWS SpA aa nee a 
Which is not zero and hence, matrix D is Non- 
—6 ee = alt singular matrix and D~? exist. 


Now, AdjD =|*, —'| 


~ 8 x6 [ot elle 1 
=a (-02Z)4+@)0) 0) : (2)(4) D~* =~ AdjD 
48 
1 
4 


(-“)2Z)+-9)Q) (DO) +(-94) bathe | 


=o we 1) 2" Ad 
_ at a al 3 | 
= al R.H.S = A~1D7} 
From ay sal (2), we have Y 2 AE 2 ah 
(AB)-! = B-1 A471 q 
(ii). (DA)~1 = A-1D-1 j Ake 2 >| 

: = -1 ~ 8x8 
ia age =2[2@+OCD OC D+ OG) 

3 1 0 641(1)(2) + 42) ()(-1) + (4)(3) 

DA= & | 5 _17/4+0 -2+0 

=| (3)(4) + wees 1) (1)(0) + (1)(2) ~ 6412+ 8 Mea + 12 

S aa 1m (—2 9 + (2) (2) = fle (2) 


12-1 0+2 =2l 1 11 
ee 2 0-4 From (1) and (2), we have 


2 11 2 (DA) = Aga + 
—-10 4 
Now, we find the its determinant 
IDA| = 11 2 
—-10 4 
= (11)(4) — 2)(-10) 
= 44+ 20 = 64 
Which is not zero and hence, matrix DA is Non- 
singular matrix and (DA)~? exist. 


Now, AdjDA = ie ‘| 


1 

DA)" = —AdjDA 
(DA)~ = pal AY 
Putting values 
LAs =(DA) = 
R.H.S = A1p1 
First, we find D~1 and A? 

- | 4 | 

= (4)(2) — (0)(-1) 
=8-0=8 
Which is not zero and hence, matrix A is Non- 
singular matrix and A7? exist. 


~ 64 Hf ul (1) 
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Exercise 1.6 


Q#1) Use matrices, to solve the following system 
of linear equations by: 

(a). the matrix inverse method 

(b). the Cramer’s rule 

(i). 2x-2y=4; 3x+2y=6 

Sol: (a). the matrix inverse method 

In matrix form 


2 —2)[*] _ [4 
IS 2 tbl=le 
AX =B>X =A™'B (1) 
_y2 -—2 _ [* _ [4 
WhereA = E 9 |x = LI and B = A 
Now, we find A~? using 
At= 44a (2) 
= 2 = 
= (2)(2) —- (-2)(3) 
=4+6=10 
Which is not zero and hence, matrix A is Non- 
singular matrix and A~? exist. 
-, | 2&2 
Now, AdjA = is | 


bs Values in eq. (2), we have 


Now, put values in eq. (1) 
X=A 8 
172 27/4 
~ Ral alle | 
| (2)(4) + (2)(6) 
(—3)(4) + (2)(6) 


1 LZ 2 


= = “| 


1 
10 

a 8+12 
0 
1 


(b). the Cramer’s rule 
In matrix form 


I olbl-(d 


= (2)(2) — (—2)(3) 
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|A|J=4+6=10 

Which is non-zero, so solution exists and 
_f4 -2 

oe le ie | 5 

Ax] = (4)(2) — (-2)(6) 


|A,| =8+12 = 20 
Also, 


Aca 


= |4y| = |5 


= (2)(6) — (4)(3) 
|A,| = 12-12 =0 


Hence, x = a, andy = 0 
(ii). 2x +y=3; 6x+5y=1 
Sol: (a). the matrix inverse method 


In matrix form 
x 
ie sil = (1 
AX =B > Xa *8 #1) 


Whered = E b | = a and B = Hl 
Now, We find A? using 


-1_ 4 
AU = Al Aaa —(2) 


Ml=|6 5 
= (2)(5) — ()(©) 
=10-6=4 
Which is not zero and hence, matrix A is Non- 
singular matrix and A~? exist. 
Now, Adj =| >. —] 
-6 2 
Putting values in eq. (2), we have 


Now, put values in eq. (1) 
A= AC*B 
1p5  -1773 
2k=7|", Sail bi 
alco J ea 
41(—6)(3) + (2)(1) 
| 15-1 
~ 4l-18 +2 


4\—-16 
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=[-[2 tte zl 
y - Putting vale in eq. (2), we have 


-1_ 1 
b). the Cramer’s rule -1_ =i <2 
7 mae —10 wales | 


In matrix form : 
Now, put values in eq. (1) 


s slbI= GI X= AB 


WhereA = b 1 4, = = ce 5} and AG ae male A 


Ay = E : _1 i 1)(8) +2) 4 
—10L (—3)(8) + (4)(-1 
First of all we find |A|, |A,|and |A,| 1 i OCD 
P10 i =A 
= fAGdle |-28 
= (2)(5) — ()(6) ~10!=28! | 28 
=10-6=4 —10 
Which is non-zero, so solution exists and 


ie) 
my} Noul| w 


[Ax | = (3)(G) -— ()@) 
|A,]=15-1=14 (b). the Cramer’s rule 
Also, In matrix form 


4y=[§ 3 G —abl=[ 


2 3 
= |Ay| = ; 1 WhereA = E al Ay =A ?] and Ay 
= (2)(1) — 3) (©) 8 
= = 3-1 
First of all we find |A|, |A,|and |A,| 


A=[3 = 


=> |A| 
Hence, x = “and y=-4 = (4)(-—1) — (2)(3) 
(iii). 4x +2y=8; 3x-y=-1 ="—-4.— 6 == 10 


Sol: (a). the matrix inverse method Which coo so solution exists and 


In matrix form Ay = 4 


G —lbI-(l =lal=|8 2) 
aa a te : Axl = (8)(-) - (2)(-1) 
WhereA = E ie = LI and B = i 
Now, we find A~? using 
A-t = — AdjA...(2) 

+ 2 

“ os al : = (4)(-1) — (8)(3) 
— ) Ay| = —4-—24 = -28 


Which is not zero and hence, matrix A is Non- Now 
singular matrix and A~? exist. x= 


= 


[Axl _, = —6 = 
|A| 
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ca aa 


Hence, x = = and y = “ 

(iv). 3x-—2y=-6; 5x—-—2y=-10 
Sol: (a). the matrix inverse method 

In matrix form 


Is -alb)= [dl 


AX=B>a>X=A° 15 (0) 
Whered = E =| X= 5 and B = |] 
Now, we find A7? using 


11 
At = 7 AdjA >(2) 


_ {3 
l= |5 WI 
= (3)(—2) — (-2)() 
=-6+10=4 
Which is not zero and hence, matrix A is Non- 
singular matrix and A~? exist. 
Now, AdjA =|~< 
Putting values in eq. (2), we have 
={ eee 
A ai * AdjA 
a 7 
Now, put values in eq. (1) 
X=aA “8 


17-2 2); -6 
a= G| ale 
alten; a ea 
41(—5)(—6) + (3)(-10) 
_1 ea 20 
nee 30 


a a 


> x= Tol 0 
(b). the Cramer’s rule 
In matrix form 


Ee aGI-[i 


5 2 a= ee = and 
~10 


= (3)(—2) — (-2)() 
=-6+10=4 
Which is non-zero, so solution exists and 
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|Ay| = (—6)(—2) — (2)(—10) 
|A,| =12 20 =-8 
Also, 


= (3)(—10) — (-6)G) 
|A,| = -30+ 30 =0 


Hence, x = —2 andy = 0 
(iii). 3x —-2y=4; —6x+4y=7 
Sol: The matrix inverse method 
In matrix form 
3 —2]/* 4 
3 4 | Ly ~ [| 
AX =B>X =A"'B (1) 


WhereA = i. We = ] and B = Hl 


Now, we find A~? using 
ae Ada (2) 
_ | 3 a 
— 4 
= (3)(4) - -2)(-6) 
=12-12=0 
Which is zero and hence, matrix A is singular 
matrix and A~* does not exist. No solution 
possible. 
(vi). 4x+y=9; —-3x-y=-5 
Sol: (a). the matrix inverse method 
In matrix form 
4 17/*] __7 9 
Ss ad i 7 ie 
AX =B>X=A"'B (1) 
_[4 1 _ [% _79 
WhereA = & Ze = LI and B = || 
Now, we find A~? using 


A7t = 7 AaiA (2) 


4 1 
Mi=|", | 
= (4)(-1) -(-3)@) 
=-44+3=-1 
Which is not zero and hence, matrix A is Non- 
singular matrix and A7? exist. 


Now, AdjA = Be a 


Putting Sauslie in eq (2), we have 


=1 es 
At=7 ~ AdjA 
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17-1 -1 
=f x 
SSG a 
Now, put values in eq. (1) 
X=A “8 


1 y-1 -1]/9 
=x=—|3 alee 
us wae + | 
(3)(9) + (4)(—5) 
_ 17-945 
17 20 


-=[7/- F 


=[,]= bi a 


> x=4y=- 
(b). the Cramer’s ale 
In matrix form 


WhereA = |” 3 


_[4 
“(4 4 
ae of ai we find |A|, |A,|and |A, | 
_[4 1 
a[4 A 
=> |A| = |" “| 
=(9-D- Fa) 
=-4+3=-1 
Which is non-zero, so solution exists and 
_[9 1 
Ae= |, ou 
=l41=|", | 
Ag =2)(-1) = (1) 
|A,|] = -9+5=—4 
Also, 


[Ay| =[4 2 
= |A,| = i | 


= 4)9)= O39) 
=-204+27=7 


Hence, x = 4andy =7 
(vii). 2x -—-2y=4; —5x—-2y=-10 
Sol: (a). the matrix inverse method 
In matrix form 
2 —2)]/*] _| 4 
i = I 7 L-40l 


AX =B>X =A™'B (1) 
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Whered = & Bar = A and B = Ea 
Now, we find A~? using 


Art = a AdiA (2) 
2 

al=|“. 7] 

= (2)(- 2) — (—2)(—5) 

=-4-10=-14 

Which is not zero and hence, matrix A is Non- 

singular matrix and A7? exist. 


Now, AdjA = a : 


Putting te in eq. (2), we have 
=1 Se 
A Al a Adi 
i) —2 2 
wW7Tipls 2 
Now, put values in eq. (1) 
yo=-A-1B 


=x=—[? ALL ail 


Se 2)(4) + (2)(— > | 
—141 G)() + (2)(-10) 
—14120— 20 
—28 

1 = 
a =|" real ae 
-[- 
> x=2,y=0 


(b). the Cramer’s rule 
In matrix form 


ie salbl- " og 


—14. 


| and 


0 

First of all we find |A|, |A,|and |A,| 

_f2 -2 
A=|", >? 
= |A| = i “5 
= (2)(=2) — (=2)(—5) 
=-4-10=-14 
Which is non-zero, so solution exists and 


|A,| = (4)(—2) — (—2)(-10) 
|A,| = —8 — 20 = —28 
Also, 


Ay = i el 
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2 
= |Ay| = ie ai 
= (2)(-10) — (4)(-5) 
|Ay| = —20+ 20 =0 


Hence, x = 2andy = 0 

(viii). 3x —4y=4; x+2y=8 
Sol: (a). the matrix inverse method 
In matrix form 


to Ibl=Eal 

AX = B => X = AB (1) 
WhereA = ; | X= 5 and B = A 
Now, we find A“? using 
A-t = — AdjA...(2) 

in 
Al = I; 2 | 
= (3)(2) - YM 
=6+4=10 


Which is not zero and hence, matrix A is Non- 


singular matrix and A~?+ exist. 
Now, Adja = | *, 
Putting values in eq.(2), we have 


At=—AdjA 
[Al - 
- 2 4 
2A Raa. G 
Now, put values in eq. (1) 


X=A"'B 


4 
x= 17, lel 
ay (2)(4) + (4) | 
(4) + 38) 
ets 
4+ 24 

40 


so - B 


10 


4 
~ 10 
1 
~ 10 
a 
tole 
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=[1=(3] 
> x=4y=2 
(b). the Cramer’s rule 


In matrix form 
—41 [xX 
[; | by = sl 


WhereA = ; oi = [3 =| and 


_ [3 4 
Ay = fi 3 
First of all, we find |Al|, |A,|and |A,,| 
_ [3 -4 
vl a, 
=> |A| = | 7 | 
= (3)(2) - (-4)() 
=6+4=10 
Which is non-zero, so solution exists and 
_f4 —-4 
F AF ls 2 | 
= |A,| = E ii 
= (4)(2) -G 4)(8) 
|A,| =8+32 = 40 
Also, 
_ 73 4 
Ay % 5 3 


\=|3 ‘| 


= (3)(8) — 4) 
|Ay| = 24-4 = 20 
Now 

eee ee 
Al 10, 
ST a ice As 
And y = Al Py = 3 
Hence, x = 4and y = 2 


x 
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Rational number: 
A number which can be written in the form of 


7 ,where p,q € Z A # Ois called a rational 


Irrational number: 
A real number which cannot be written in the 


form of Fi ,where p,q € Z A # Ois called an 


irrational number. 

e.g. V2 ,v5 

Real number: 

The field of all rational and irrational numbers is 
called the real numbers, or simply the "reals," 
and denoted R. 

Terminating decimal: 

A decimal which has only a finite number of digits 
in its decimal part, is called terminating decimal. 
e.g. 202.04, 0.25, 0.5 example of terminating 
decimal. 

Recurring decimal: 

A decimal in which one or more digits repeats 
indefinitely is called recurring decimal or periodic 
decimal. 

e.g. 0.33333 , 21.134134 


Exercise 2.1 


Question.1. Identify which of the following are 

rational and irrational numbers 

(i). V3 

Solution. 

Is an irrational number. 
aoe | 

(ii). : 

Solution. 

Is a rational number. 

(iii). 70 

Solution. 

Is an irrational number. 
.. 15 

(iv). 7 

Solution. 

Is a rational number. 

(v). 7.25 

Solution. 

Is a rational number. 
(vi). V29 

Solution. 

Is an irrational number. 
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Question.2. Convert the following fractions 
into decimal fraction. 


+s 7 
(i) 35 
Solution. 


(a 


4 
Solution. 


weix 57 
(ili) = 
Solution. 
.. 205 
(iv) “ips 
Solution. 
11.3889 


(vy) 


Solution. 


25 
(vi) on 
Solution. 

0.65789 
Question.3. Which of the following statements are 
true and which are false? 


(i). - is an irrational number. 

Solution. 

False. 

(ii). 2 is an irrational number. 

Solution. 

True. 

(iii). : is aterminating fraction. 

Solution. 

False. 

(iv). 7 is terminating fraction. 

Solution. 

True. 

(v). : is arecurring fraction... 

Solution. 

False. 

Question.4. Represent the following numbers on 
the number line 


(i) = 


Solution. 


4 3 


(ii). — - 


Solution. 
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See 3 
(iii). 1 7 
Solution. 

4 3 

: 5 

(iv). —2 7 


Solution. 


4 3 


(v). V5 


Solution. 


F : : 3 
Question.5. Give a rational number between A 


5 
nd-. 
and ; 


Solution. 
The mean of the numbers is between given 
numbers. Therefore 


required number is = 


27+20 
36 
2 
47 
_ 36 
yi 
m 47 
36x72 
_ 47 
mer 
Answer. 
Question.6. Express the following recurring 


decimals as the rational number y where p, q 
q 


are integers and q + 0. 
(i). 0.5 
Solution. 
Let 
x=0.5 
That is 
x =0.5555...> @ 
Only one digit 5 is being repeated, multiply by 
10 on both sides of (i), we have 
10x = (0.5555...) x 10 
10x = 5.5555... > (ii) 
Subtracting (i) from (ii), we have 
10x — x = 5.5555....—0.5555... 
9x=5 
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(ii). 0.13 
Solution. 
Let 
x=0.13 
That is 
x = 0.13131313...> @ 
Only two digits 13 is being repeated, multiply 
by 100 on both sides of (i), we have 
100x = (0.13131313...) x 100 
100x = 13.13131313... > (ii) 
Subtracting (i) from (ii), we have 
100x —x 
= 13.13131313 ....—0.13131313.... 
99x = 13 
13 
~ 99 


og 
“99 


x 


(iii). 0.67 
Solution. 
Let 


That is 
x = 0.67676767 ... > (i) 
Only two digits 67 is being repeated, multiply 
by 100 on both sides of (i), we have 
100x = (0.67676767...) x 100 
100x = 67. 67676767 ... > (ii) 


Subtracting (i) from (ii), we have 


100x —x 
= 67.67676767 .... —0.67676767 ... 


99x = 67 


ogee” 
"~~ 99 


Answer. 


Properties of Real Numbers: 
Binary Operations: 
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A binary operation in a set A is a rule usually 
denoted by * that assigns to any pair of elements 
of A to another element of A. e.g. two important 
binary operations are addition and multiplication 
in a set of real numbers. 
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Addition Laws: 
Closure Law of Addition: 


Va,b ERthena+b 
ER 


V stands for all. 

Associative Law of Addition: 
Va,b,cE€Rthena+(b+c)=(at+b)+c. 

Additive Identity: 

VaER,AOER suchthatat+O0=0+a=a. 

4 Stands for there exist and 0 is called the iditive 
identity. 

Additive Inverse: 


VaER,A-—aER such that a+ (—a) 
=-ata=0. 


—aand aare called the idetive inverse of each 
other. 
Commutative Law for Addition: 

Va,b ERthena+b=b+a. 
Multiplication Laws: 
Closure Law of Multiplication: 


Va,b ER then ab 
ER 


V stands for all. 
Associative Law of Multiplication: 
Va,b,c €R then a(bc) = (ab)c. 
Multiplicative Identity: 
VaER,ALER suchthata.1=1.a=a. 
4 Stands for there exist and 1 is called the 
iditive identity. 


Multiplicative Inverse: 


1 1 
VaeR,Aa=—eR such that a.— 
= 1. 
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1 
aand-— are called the idetive inverse of each 
a 


other. 

Commutative Law for Multiplication: 
Va,b ER then ab = ba. 
Properties of Equality: 
Reflexive property: 
Va ERthena=a 
Symmetric Property: 
Va,b ERandifa=bthenb=a. 

Transitive Property: 

Va,b,cER,ifa=bandb=cthena=c. 
Additive Property: 

Va,b,cER,a=bthenat+c=bt ce. 


Multiplicative Property: 
Va,b,cE€R,a=bthenac = be. 


Cancellation Property w.r.t. addition: 
Va,b,cE€R,at+c=b+cthena=b. 


Cancellation Property w.r.t. Multiplication: 
Va,b,c€R,ac = bc thena= b. 


Distributive property of multiplication over 
addition. 


a(b+c) =ab+ac 


Distributive property of multiplication over 
Subtraction. 


a(b—c) = ab—ac 


Properties of Inequalities (Order 
properties): 
Trichotomy Property: 

Va,beEeR 

eithera=bora>bora<pb. 
Transitive Property: 

Va,bER 
(i)..ifa>bandb>cthena>c. 
(ii). ifa<bandb<cthena<c. 
Additive Property: 

Va,bER 
(i). ifa>bthenat+tc>btce. 

(ii). ifa<bandthenat+c<b+tc. 
Multiplicative Properties: 

Va,b,cER 
Ifc>0 
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(i). if a>bthen ac > be. 

(ii). if a< band then ac < be. 
Ifc<0 

(iii). if a> b then ac < be. 
(iv). if a< band thenac > be. 
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Exercise 2.2 


Question.1. Identify the property used in the 
following. 
(jij).at+b=b+a 
Solution. 
Commutative property w.r.t Addition. 
(ii). (ab)c = a(bc) 
Solution. 
Associative property w.r.t Multiplication. 
(iii). 7X 1 = 7 
Solution. 
Multiplicative identity. 
(iv). x >yorx=yorx<y 
Solution. 
Trichotromy Property. 
(v).ab = ba 
Solution. 
Commutative property w.r.t Multiplication. 
(vi).a+b=b+c=>a=b 
Solution. 
Cancellation Law w.r.t Addition. 
(vii). 5 +(—5) =0 
Solution. 
Additive Inverse. 


ii 1 
(viii). 7 X = 


Solution. 
Multiplicative Inverse. 
(ix) a>b=> ac>bc(c>0) 
Solution. 
Multplicative propert. 
Question.2. Fill in the following blanks by 
stating the properties of real numbers used. 
3x+3(y-x) 
Solution. 
Given 
3x + 3(y —x) = 3x +3y —3x 
Distributive property w.r.t muliplication over 
subtraction. 
= 3x — 3x 
+3y commutative property w.r.t addition. 
=0+3y _ additive inverse property. 
= 3y additive identity. 
Answer. 
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Question.3. Give the name of property used in 
the following. 
(i). V24 + 0 = V24 
Solution. 
Additive identity. 
di. —3(5 +3) = (-3) + (-3)G) 
Solution. 
Distributive property of multiplication over 
addition. 
(iii). 7 + (-m) = 0 
Solution. 
Additive Inverse. 
(iv). V3. V3 is areal number. 
Solution. 
Closure law for multiplication. 


ele 


Solution. 
Multiplicative Inverse. 
Radicals and Radicands: 


If n is a positive integer greater than 1 andaisa 
real number , then any real number x such that 
x"=a is called the nth” root’. of 
a,and in symbols is written as 


1 
x=Va orx=(a)n 


And ‘Va is called radical, the symbol V _ is called 

the radical sign , n is called the index of the radical 
and the real number a under the radical sign is 
called the radicand or base. 


Radical and Exponent Form: 


x = Va is called redical form and a 
1 
= xnis called exponent form. 


Some Properties of Radicals: 
(i). Vab = Va Vb 


ci," = 34 
Il). bo 


(iii). V¥"Va = "Va 
(iv). Va™ = (/a)” 
(v). Va" =a 
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Exercise # 2.3 


Question.1. Write each radical expression in 


exponential notation and each exponential 


expression in radical notation. Do not simplify. 


fi) 64 = (605 


Solution. 


V—64 = (—64)3 


3 
(ii). 25 
Solution. 


. 
(iii). —73 
Solution. 


“2 
(iv). y 3 
Solution. 


Question.2. Tell whether the following 
statements are true or false? 


1 
(i). 5s = V5 
Solution. 
1 
False because 55 = V5 is true. 
2 
(ii). 23 = V4 


Solution. 


2 
True because 23 = 22 = V4 is true. 


(iii). V49 = V7 


Solution. 


False because V49 = 72 = 7is true. 


(iv). Vx27 = x3 
Solution. 
27 


3 = i: 
False because x27 =x3 =x? is true. 


Question.3. Simplify the following radical 
expressions. 
(i). V=125 
Solution. 
mia = = 
= (—5)?3 
=-5 
Answer. 
(ii). V32 
Solution. 


V32= V24*x2 


1 
=(2* «x 2)4 
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1 1 
= (24)4 x 23 
=2x V2 
= 2V2 


Answer. 
wy 543 
(iii). re) 


Solution. 


Answer. 
. . 3{-8 
(iv). a 
Solution. 


1 
je 


93%3 
2 


3 
Answer. 


Base and Exponents: 
In the exponential form 


a” (read as ato the nth power) we call ’’a' 


a eee Hf 


the base and ‘'n’’ as the exponent or power. 
Laws of Exponents: 

Ifa,beE 

Randm,n are positive integers, then 
ea a aa 

i. ta")* =a" 

(iii). (ab)” = a™b™ 


(vi). a° =1,wherea #0 


(vii).a7" = — wherea #0 


an’ 


tas 
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Exercise # 2.4 


Question.1. Use laws of exponents to simplify 
Answer. 


2 1 a oe 
(i) (243) 3 (32) 5 (iv). (81)™.3°—(3)4"" 7 (243) 
: [(196)-1 (9)2n. 33 
Solution. Solution. 
2 a ae eee (81)".3° — (3)4""-1(243) 
(243) 3 (32) 5 _ (3°) 32") 3 T9233 
4/ (196)-1 (142)-P*2 (34), 35 — (3)4"-13)5 
aya 
7 Gy)" _ Gy" -*(3)° 
~~ (3)4”. 33 
g4ants = 34n-1+5 
= 34n+3 
34nts _, 34nt4 
y 34n+3 
~ wie a - 1) 
tC 34n+3 
_— ae (2) 
= 31(2) 
=6 
Answer 
Question.2. Show that 


yt at+b b+c x cta 
a. (3) x(a) =2 


x 
7 Solution. 
3x c.cta 


33 x V3 Kay Ath /ybd\PHE hy 
: uis=(5) (Cz) *(Z) 
oy V3 LH.S= G7? x eee yPre x Ca 


L.H.S = x (a-b)(atb) x y(b-c)(btc) yx x (c-a)(c+a) 


2_y2 272 Daas 
1, HoeSwmsmreGemP x xD" -" =~ ye —4 
2 


Answer. 
(ii). (2x°y~*) (8x3 yam 
Solution. 
547-4 =34;2) — 5 ym 7 2 
ds - ees iin. LA.S=x* =1 
= —16 x2. y-? Hence Proved. 
wd Question.3. Simplify 


2 


22 pe nea a2. 
L.H.S = x% b*+b*—c“+c*-a 


3(27)3(60)2 
y2 (i) 23(27)3(60)2 
Answer. (180)2(4)"3 94 
me er Solution. 
(iii). — a ) 


x4 y—-370 1 1 1 a 1 1 
Solution. 23(27)3(60)2 23 (3°)3(2?.3.5)2 


) (180)2(4)-294 (22.32, 5)2(22)"3(32)4 


a a el 
x 442 7044 23:3°.2°° 2.32.52 


~ 2x2 ax 2 2x 
22.32, 55,0 33°28 


1 | 
23872 482.52 


i 28 
2.0 252.2 232 
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2 1 

be (216)3(25)2 

(i). 
(0.04) 2 


Solution. 


(iii). 52° + (52)3 
Solution. 


(iv). (x3)? + x3” 


Solution. 


Answer. 
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Complex Numbers: 
The numbers of the form x + iy, where x, y € 
R ,are called complex numbers, here x is 
called real part and y is called imaginary part 
of the complex number. 
Remarks: 
1. Every real number is a complex number 
with 0 as its imaginary part. 
Conjugate Complex Numbers: 
if Z=a+ibbeacomplex number then Z = 
a — ib is the conjugate of the complex number 
Z=artib. 
Remarks: 
1. A real number is self-Conjugate. 
Equality of Two Complex Numbers: 
Two complex numbers a + bi and c + 
di are said to be equalifa=candb=d. 
That is 
a+ib=c+id >a=bandc=d. 


Exercise # 2.5 
Question.1. Evaluate 
(i). i” 
Solution. 
iB i’ i 
= "G7 )?.i 
(-1)3.i 
(-1).i 
=—i 
Answer. 
(ii). i5° 
Solution. 
°° — (i7)?5 
= (-1)75 


Answer. 
(iii). i?” 
Solution. 


Answer. 
(iv). (—i)® 


Solution. 


Answer. 


(v). (-0° 
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Solution. 
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Answer. 
(vi). i277 
Solution. 
j27 — 726 ; 
= (i7)13.i 
= (-1)%.i 
= (-1).i 
=-1 
Answer. 
Question.2. Write the conjugate of the following 
numbers. 
(i). 2 + 3i 
Solution. 
Suppose Z=2+3i 
Z=24+31=2-3i 
Answer. 
(ii). 3 — 5i 
Solution. 
Suppose Z=3-—5i 
Z=3-51=3+4+5i 
Answer. 
(iii). —i 
Solution. 
Suppose Z=~-t 
Z= = =+i 
Answer. 
(iv). —3 + 4i 
Solution. 
Suppose Z=-—-3+4i 
Z=-3+41 =-3-4i 
Answer. 
(v). -—4—i 
Solution. 


Suppose Z=—4—-i 
Z=-4-1=-44i 


Answer. 
Question.3. Write the real and imaginary part of 
the following numbers. 
(i). 1 +i 
Solution. 
Suppose Z=1+i 
Re(Z)=1 , Im(Z) =1 
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Answer. 
(ii). —1 + 2i 
Solution. 
Suppose Z=-1+2i 
Re(Z)=-1 , TZ) =2 
Answer. 
(iii). —3i + 2 
Solution. 
Suppose Z=—3i1+2=2-3i 
Re(Z) =2 , Im(Z) = -3 
Answer. 
(iv). —2 — 2i 
Solution. 
Suppose Z=—2i-—2=-2-2i 
Re(Z) =-2 , Im(Z) = —2 
Answer. 
(v). —3i 
Solution. 
Suppose Z=—3i=0-3i 
Re(Z)=0 , Im(Z) = -3 
Answer. 
(vi). 2 + Oi 
Solution. 
Suppose Z=2+0i 
Re@ie 2 & Im(Z) = 0 
Answer. 
Question.4. Find the value of x and y if 
x+iy+1=4-3i 
Solution. 
Given that 
x+1+ty=4-3i 
Separating real and imaginary parts 
x+1=4 , y=-3 
x=4-1 , y=-3 
x=3 , y=-3 
Answer. 
Operations on Complex Numbers: 


The symbols a,b,c,d,k, where used, represent 


real numbers 
Addition of Two Complex Numbers: 


(a+ib)+(c+id) =(a+b)+i(c+d). 


Scalar Multiplication: 
k(a+ib) = ka + ikb. 
Subtraction of Two Complex Numbers: 


(a+ib) —(c+id) = (a—b)+i(c—d). 


Multiplication of Two Complex Numbers: 


(a + ib)(c + id) = (ac — bd) + i(ad + bc). 


Division of two Complex Numbers: 
(a+ib) ac—bd  bc-ad 
(c+id) c%+d2 C24 
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Exercise # 2.6 
Question.1. Identify the following statements as 
true or false. 
(i). V-3 x V-3 =3 
Solution. 


False because V—3 x V—3 = V3i x V3i 
= (V3) i? =-3 


(ii). i73 = -i 
Solution. 
False betause it” = 7177 21=(77)**.i 
=(=1)"" 1 Si 
(iii). i2° = —1 
Solution. 
True because i'° = (i7)° = (—1)5 = -1 
(iv). Complex conjugate of (—6i + 
i*) is (—1 + 6i) 
Solution. 
True because —61 + 12 = —61—-1=—1+ 6i 
(v). Difference of a complex number z = a + 
bi and its conjugate is a real number. 
Solution. 
False because Z—Z = (a+bi) — (a-— bi) 
=at+bi—a-+tbi = 2bi 
(vi). If(a—1) -(b+3)i=5+8ithena= 
6and b=-—11. 
Solution. 
True because Comparing real and imaginary parts 
in given equation 
a-1=5 , 
a=5+1 , 
C=6: 5 b=—8.— 3 
a=6 , b=-11 
(vii) Product of a complex number and its 
conjugate is always a non-negative real number. 
Solution. 
True because for a complex numer Z 
=a+bi 
Z.Z = (a+ bi) .(a — bi) = a* — (bi)? 
=a’ +b? 
Is a real number. 
Question.2. Express each complex number in 
the standard form a + bi where ‘a’ and ‘b’ 
are real numbers. 
(i). (2 + 3i) + (7 — 2i) 
Solution. 
(2+ 3i1)+(7 -—2i) =24+3i+7-2i 
=9+i 


~(b+3)=8 
b+3=-8 


Answer. 
(ii). 2(5 + 4i) — 3(7 + 4) 
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Solution. 
2(5 + 4i) —3(7 + 4i) = 10+ 8i— 21 -12i 
= —11-3i 
Answer. 
(iii). —1(—3 + 5’) — (4+ 98) 
Solution. 
—1(-3 + 5i) —- (44+ 91 =3-5i-4-9i 
=-—1-14i 
Answer. 
(iv). 2i2 + 683 + 311° — 6119 + 4775 
Solution. 
2i7 + 6i? + 311° — 6119 + 4775 
= 2(-1) + 6ii + 311° — 6i"8i 
+ 47247 
= 2(-1) + 6(-1)i + 3(#7)8 — 6(i7)?i 
+ 4(i7)?*i 
= —2 — 61 SBei)® — 6(-1)9i + 4(-1) "i 
= —-2 - 61+ 3(1) - 6(-1)i+ 4(1)i 
= -2-614+34+6i+4i 
=1+4i 
Question.3. Simplify and write your answer in 
the form a + bi. 
(i). (—7 + 3i)(—3 + 28) 
Solution. 
(—7 + 3i)(-3 + 2i) = 21 — 141i — 91+ 67? 
=21-14i- 91-6 
=15-23i 
Answer. 
(ii). (2 — V—4)(3 — V—4) 
Solution. 
(2 — V—4)(3 — V—4) = (2 — 21)(3 — 28) 
= 2(3 — 2i) — 2i(3 — 2i) 
=6-4i- 61+ 4i” 
=6-—10i-4 
=2-10i 
Answer. 
(iii). (V5 — 3i) 
Solution. 
(V5 -3i) = (V5) + (30? - 2/5) i) 
—=5+9i —6V5i 
=5-9-6v5i 
= —4- 6vV5i 
Answer. 
(iv). (2 — 38)(3 — 21) 
Solution. 
(2 -3)@G — 2a = (2 -31)(3 + 2i) 
= 2(3 + 2i) — 3i(3 + 2i) 
= 6+ 4i- 9i- 6? 
=6-—5i+6 
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=12-5i 
Answer. 
Question.4. Simplify and write your answer in 


the form of a + bi. 
: 2 

Oi 
Solution. 


Answer. 
we) 243i 
li). 

(ii) 4-i 
Solution. 


2+3if 2+ 3i Bal 
= x 


4-i 4-i 4+i 
2(4+1 +3i(4+ i) 
= 42 — [2 

84214121430 


16+1 
_8+14i-3 


Answer. 


wee, O-Ti 
(ili). ae 
Solution. 


9(3 —i) —7i(3 -0) 
= 32 _ j2 
27-91 211 +70? 
7 941 

_ 27-30i-7 

7 10 

_ 20 -30i 

~ 10 

20 30. 

“70 10° 

—2-3i 
Answer. 


.. 2-65 
(iv). 3+i 


Solution. 


4ti 


3+i 
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3-it 4+i 
x — —- 
S=f St! 


2— 61 
at 


4+i 2-6i 
34+i 3+i 


32 _ j2 32 _ j2 
_ 6—2i- 18i + 67” 
7 94+1 
12 —4i14+ 3i-? 


9+1 
_6—20i—-6 12—i+1 


10 10 
_-20i 13-i 
~ 10 10 
—20i-13+i 


10 
_ —20i-13 +i 
= 10 
g —13-19i 
7 10 
13 19. 
10 10° 


Answer. 
1+i\2 
v). (5) 
Solution. 
= x ) 
= x 
1a m—i 1+i 
11+0+i1+0,\" 
=( 2-2 ) 
_(1+itit ey 
a +1 


J (: mi — ty 
7 2 
a zi 


Answer. 


)- GranG=H 


Solution. 
1 


@l3nd—-p) 24-1) +31a— 
1 


"9-214 31-3h 
1 


10 


b=4 
i er 
_23-)-6i3-) 4G6-H)+iB-d 


i) 


Page 
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Answer. 

Question.5. 

Calculate (a) Z (b)Z+Z (c)Z— 

Z (d) ZZ for each of the following 

(i). Z = -i 

Solution. 

(a) Z==t=i 

(b).Z+Z=-i+i=0 

(ce). Z-Z =(-) -(@) = -i-i=-2i 

(d). ZZ = (-)() = -i2 =1 

(ii). Z=2+i 

Solution. 

(a) Z=2+1=2-i 
(b).Z+Z=2+i+2-i=4 

(c). Z-Z=(2+i)-(2-H=2+i-2+ 
i=2i 

(d). ZZ = (2+ 0)(2-i =2?-#=441= 
5 

(iii). Z = 
Solution. 


1+i 
1-i 


| io 
wi -i 
i. ook 
= —aae Se 
1-i 1+i 
_1eet+it+? 


().Z-Z= (i) —(-) <iti=2i 
(d). ZZ = (i)(-i) = —i* =1 


: _ 4-3i 
(iv). Z = 244i 
Solution. 
guts 
244i 
4—3i 2-4i 
= x 
2+4i 2-4i 
_ 8-16i — 6i + 127” 
7 22 — (4i)2 
_ 8-22i-12 
416i? 
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Answer. 
Question.6. If z= 2+ 3i,w=5—- 
4i,show that 
(i). z+w=Zz+w 
Solution. 
L.H.S=z+w 
L.H.S=2+31+5-—41 
L.H.S=8-1 
L.H.S=8+i-——-—(1) 
R.H.S=Z+w 
R.H.S=24+31+5-41 
R.H.S =2-—3i1+5+4i 
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R.H.S =8+i-——-—(2) 
From (1) and (2) , we have 
L.H.S = R.H.S 
Hence Proved. 
(ii). Z—W =Z-—W 
Solution. 
L.H.S=Z—W 
L.H.S = (2 +31) — (5 — 41) 
LH.S=2+31-5+41 
L.H.S =—-3+71 
L.H.S = —3 —7i--—-(1) 
R.H.S =Z-—w 
R.H.S = (2+ 31) — (5 — 41) 
R.H.S = (2 — 3i) — (5+ 4i) 
R.H.S =2-—3i-5-4i 
R.H.S = —3 — 7i-— —-— (2) 
From (1) and (2) , we have 
L.H.S = R.H.S 
Hence Proved. 
(iii). ZW = Zw 
Solution. 
L.H.S = Zw 
L.H.S = (24+ 31)(5— 41) 
L.H.S = 10-—81+ 151-1202 
L.H.S =10+71+12 
L.H.S =22+71 
L.H.S = 22= 7i —=>= (1) 
R.H.S = zw 
R.H.S = (2 + 31)(5 — 41) 
R.H.S = (2 — 3i)(5+ 41) 
R.H.S = 10 + 8i — 15i — 12i” 
R.H.S = 10—-—7i+12 
R.H.S = 22 — 7i-— — — (2) 
From (1) and (2) , we have 
L.H.S = R.H.S 
Hence Proved. 


iw. @=! 


Solution. 


Lus= (=) 


7) 


2+ 31 ot) 


L.H.S = (3 x2 


L.H.S =( Say? 
10 + 231-12 

L.H.S = ( 25 — 1612 ) 
24231 
=(Seeae) 


10 + 814+ 1514+ 1212 
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=2- 238 


10 — 8i—15i + 127 
52 — (412 
10 — 231 —12 


From (1) and (2) , we have 
L.H.S = R.H.S 
Hence Proved. 


(Vv). <(z + Z)isareal part of z. 
Solution. 


1 1 —— 
gZtnDa5 2+3it+2+3u 
1 
=5 (2+ 3i+2—3i) 


1 
=> (4) 
= 2 whichis real part of z. 
Hence Proved. 
(vi). ~(z —Z)isaimaginary part of z. 


Solution. 


1 7 me : CREF 
5 FZ - 2) = 5; (2 +31) + @F30) 
= (2 3i) — (2 - 3i)) 

7a + 3i 
= 5, (2+ 31-2 +30 


Bed 
Ty; (6i) 
= 3 whichis imaginary part of z. 
Hence Proved. 
Question.7. Solve the following equations for 


real x and y. 
(i). (2 — 3) (x + iy) =4+i 
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Solution. Given that 
(2-—3i)(«+iy)=4+i 

2(« + iy) —3i(x+iy) =4+i 
2x+2iy—3ix—3y=4+i 
2x+ 2iy—3ix+3y=4+1 
2x+3y+(2y-3x)i=4+i 

Comparing real and imaginary parts, we have 

2x+3y=4---(@), 2y-3x 
= 1-- - (ii) 
3 x (i) +2 x (ii), we have 
3(2x+ 3y) + 2(2y — 3x) = 3(4) + 2(1) 

6x+ 9y+4y—6x=12+2 


Chapter 2 


_4x13—42 
i 13 
52-42 


13 
10 


B13 
10 


* "13 x2 
5 
13 
Hence required x = = and y = =. 
(ii). (3 — 20) (4+ iy) = 20 —- Zyl) 2b 1 
Solution. Given that 
(3 — 2i) (x + iy) = 26 %e— Lyd) ty 2d el 
3(a + iy) — 2i(x+ iy) = 2x—-—4yi+ 2i-1 
3x + 3iy — 2ix —2i*y = 2x-14+2i-4yi 
3x + 3iy —2ix+2y =2x-14+(2-4y)i 
3x+2y+ By—2x)i=2x-14+(2-4y)i 
Comparing real and imaginary parts, we have 
3x+2y=2x-1 ,Gy—2x)=2—-4y 
3x —2x+2y=-1,-2x+3y+4y=2 
x+2y=-1---—(),-2x+7y 
=2--- (ii 
2 x (i) + (ii), we have 
2(x + 2Zy) + (—2x+ 7y) =2(-1) +2 
2x+4y—-—2x+7y=-24+2 
11y=0 
y=0 
Using value of y in equation (i), we have 
x+2(0)=-1 


2x 


x 
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x=-1 
Hence required x = —1 and y= 0. 
(iii). (3 + 41)? — 2(x-—iy) =x+yi 
Solution. Given that 
(3+ 4i)? —2(x-iy)=x+yi 
(3)? + (41)? + 2(3)(4i) —2x+2iy=x+yi 
94+16i7 +12i-2x+2iy=x+yi 
9-—16+12i-2x+ 2iy=x+yi 
—7-—2x+(12+2yji=x+yi 
Comparing real and imaginary parts, we have 
—7—-2x=x ,12+2y=y 
x+2x=—-7= ,2y-y=12 
3x =-7 ,y=12 


x= —3 ‘ 
Hence required x = -! and y = 12. 


y=12 
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Scientific Notation: 
A number written in the form a X 10",where1<a< 10 
and n is an integer, is called the scientific notation. 
Example: 
Write each of the following ordinary numbers in 
scientific notation. 
Solution: 
(i) 30600= 3.06 x 104 
(move decimal point four places to the left) 
(ii) 0.000058 = 5.8 x 1075 
(move dicemal point five places to the right) 
Example: 
Change each of the following numbers from scientific 
notation to ordinary notation. 
Solution: 
(i) 6.35 x 10° = 6350000 
(Move the decimal point six places to the right) 
(ii) 7.61 x 10~* = 0.000761 
(Move the decimal point four places to the left) 


Exercise 3.1 


Question.1. Express each of the following 
numbers in scientific notation. 
(i). 5700 
Solution. 
5700 = 5A 700. 
5700 = 5.7 x 10° 
Answer. 
(ii). 49, 800, 000 
Solution. 
49,800,000 = 4/9, 800,000. 
49,800,000 = 4.98 x 10” 
Answer. 
(iii). 96,000, 000 
Solution. 
96,000,000 = 9A6,000, 000. 
96, 000,000 = 9.6 x 10” 
Answer. 
(iv). 416.9 
Solution. 
416.9 =4/A16.9 
416.9 = 4.169 x 102 
Answer. 
(v). 83,000 
Solution. 
83,000 = 8A3,000. 
83,000 = 8.3 x 104 
Answer. 
(vi). 0.00643 
Solution. 
0.00643 = 0.006 A 43 
0.00643 = 6.43 x 10°? 
Answer. 
(vii). 0.0074 
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Solution. 
0.0074 = 0.007 A4 
0.0074 = 7.4 x 10-3 


Answer. 
(viii). 60,000, 000 
Solution. 
60, 000,000 = 6A 0,000,000. 
60, 000, 000 = 6.0 x 10” 


Answer. 

(ix). 0. 00000000395 

Solution. 

0.00000000395 = 0.000000003 A 95 
0.00000000395 = 3.95 x 10°? 


Answer. 

275,000 
(x). 0.0025 
Solution. 
275,000 _ 2A75000. 
0.0025  —-0.002A5 


275,000 2.75 x 10° 


0.0025 2.5x10-3 
2.75 b 08 ¢ 102 
— x x 
2.5 


= 1. 10°*3 
= 1.1 x 10° 
Answer. 
Question.2. Express the following numbers in 
ordinary notation. 
(i). 6 x 10-* 
Solution. 
6 


-4_ 
6x10 = To? 


6 
~ 10000 
= 0.0006 
Answer. 
(ii). 5.06 x 101° 
Solution. 
5.06 x 101° = 5.06 x 10, 000, 000, 000 
= 50,600, 000, 000. 
Answer. 
(iii). 9.018 x 10-6 
Solution. 
9.018 x 10°° = ida 
— 106 
9.018 
~ 1,000,000 
= 0.000009018 
Answer. 
(iv). 7.865 x 108 
Solution. 
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7.865 x 108 = 7.865 x 100,000, 000 
= 786, 500, 000. 
Answer. 
Logarithm of real numbers: 
if aX = y then x is called the logarithm of y to 
the base "a" and its written as log, y = x where 
a>0,a#1landy>0 
i.e the logarithm of anumber y to the base "a" 
is the index x of the power to which a must be 
raised to get that number y. 
the relation aX = yand log, y = x are equivalen 
When one relation is given, it can be converted into 
the other. Thus 
a~=y © log,gy=x 
Example: find log,2 i.e. find log of 2 tothe 
Base 4. 
Solution: 
Letlog,2 =x 
then its exponenenial form is 4* = 
1.6 2 = 7h = 1 


1 1 
Vx =p logs2 = 5 


Deductions from Definition of logarithm 

1. Sincea® = 1,Yog,1= 6 

2. Since a’ =a,(@g, a =a 
Common logarithm: 
If the base of logarithm is taken as 10 then logarithm is 
called Common Logarithm. 
Characteristic: 
The integral part of the logarithm of any number is 
called the characteristic. 
Mantissa: the fractional part of the logarithm of a 
number is called the mantissa. Mantissa is always 
positive. 
Example: find the mantissa of the logarithm of 
43.254 
Solution: 
Rounding off 43.254 we consider only the four 
Significant digits4325. 

(i) We first locate the row corresponding to 43 in 
the log tables and 

(ii) Proceed horizontally till we reach the column 
corresponding to 2. The number at the 
intersection is 6355. 

(iii) Again proceeding horizontally till the mean 
difference column corresponding to 5 
intersects this row. We get the number 5 at 
the intersection. 

(iv) Adding the two numbers 6355 and 5 we get 
.6360 as the mantissa of the logarithm of 43.25 

Example: 

Find the mantissa of the logarithm of 0.002347 

Solution: 

Here also, we consider only the four Signiant digits 
2347 

We first locate the row corresponding to 23 in the 
logarithm tables and proceeding to 4 the resulting 
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number 3692. The number at the intersection of this 
row and the mean difference column corresponding to 
7 is 13. Hence the sum of 3692 and 13 gives the 
mantissa of the logarithm of 0.0023476 as 0.3705 
Example: 

1. Find log 278.23 

2. Log0.07058 
Solution: 

1. 278.22 can be rounded of f as 278.22 
The characteristic is 2 and the mantissa, using log 
tables, is .4443 

+ log278.23 = 2.4443 
2. The characteristic of logo.07058 is — 2 
which is written as 2 by convention. 
Using log tables the mantissa is .8487, so that 
log0.07058 = 2.8487 

Example: 
Find the numbers whose logarithms are 

(i) 1.3247 

(ii) 2.1324 
Solution: 

(i) 1.3247 
antilog1.3247 = 21.12 


(ii) 2.1324 7 
antilog(2. 1324) is 0.01356 


Example 3.2 


Question.1. Find the common logarithm of the 
following numbers: 
(i). 232.92 
Solution. 
Characteristics = 2 
Mantisa = 0.3672 
Log(232.92) = 2.3672 
Answer. 
(ii). 29.326 
Solution. 
Characteristics = 1 
Mantisa = 0.4672 
Log(29.326) = 1.4672 
Answer. 
(iii). 0.00032 
Solution. 
Characteristics = —4 
Mantisa = 0.5051 
Log(0.00032) = 4.5051 
Answer. 
(iv). 0.3206 
Solution. 
Characteristics = —1 
Mantisa = 0.5059 
Log(0.3206) = 1.5059 
Answer. 
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Question.2. If log31.09 = 1.4926,find the 
values of the following 
(i). log3.109 
Solution. 
Characteristics = 0 
Mantisa = 0.4926 
Log(3.109) = 0.4926 
Answer. 
(ii). log310.9 
Solution. 
Characteristics = 2 
Mantisa = 0.4926 
Log(310.9) = 2.4926 
Answer. 
(iii). log0.003109 
Solution. 
Characteristics = —3 
Mantisa = 0.4926 
Log(0.003109) = 3.4926 
Answer. 
(iv). log0.3109 
Solution. 
Characteristics = —1 
Mantisa = 0.4926 
Log(0.3109) = 1.4926 
Answer. 
Question.3. Find the number whose common 
logarithms are: 
(i). 3.5621 
Solution. 
Since it is log of any number. So, 
Characteristics = 3 
Mantisa = 0.5621 
Mantisa in antilog = 3.6484 
Characteristics change the place of decimal. 
So 
Anti — log(3.5621) = 3648.4 
Answer. 
(ii). 1.7427 
Solution. 
Since it is log of any number. So, 
Characteristics = —1 
Mantisa = 0.7427 
Mantisa in antilog = 5.5297 
Characteristics change the place of decimal. 
So 
Anti — log(1. 7427) = 0.5530 
Answer. 
Question.4. what replacement for the unknown in 
each of the following will make the statement 
true? 
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(i). log381 =L 
Solution. 
log381 =L 
Exponential Form 
2° S81 
3h = 34 
=> L=4. 
(ii). log,6 = 0.5 
Solution. 
log,6 =0.5 
Exponential Form 
a°> =6 
1 
a2=6 
Squaring on both sides , we have 


(iii). logsn = 2 
Solution. 
logsn=2 
Exponential Form 
54=n 
25=n 
tH 25. 
(iv). 10? = 40 
Solution. 
10? = 40 
Logarithm Form 
1091940 = p 
p = log 040 
p = 1.6021 
Question.5. Evaluate 


4 1 
(i). log2 55 
Solution. 
Let 


1 
x= 1092758 


Exponential Form 
gee 
128 
a 1 
2x2x2x2x2x2x2 


Answer. 


(ii). log 512 to the base 2v2. 
Solution. 
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Let (iii). loge48 = 5 
x = logy 3512 
Exponential Form 


(2V2) = 512 
1\% 
(2 x 22) =2x2x2x2xXx2x2x2x2x2 


(22) _ 99 


Solution. 


Answer. 


(iv). log,64 = 2 
Solution. 
log,64 =2 
Exponential Form 
(x)? = 64 
Taking square root on both sides 


Answer. Vx2 = V64 
x=8 
Question.6. Evaluate the value of 'x’’ from the Answer. 
following statements. 
(i). loggx =5 (v). log3x =4 
Solution. Solution. 
logox =5 log3x =4 
Exponential Form Exponential Form 
2=x Bo=x 
x=2° x=3x3x3x3 
x=81 
Y= 22426252 Answer. 


jo ypeloud Vv 


x = 32Answer. 


(ii). Logg,9 = x 
Solution. 
logsi9 =x 
Exponential Form 
81* =9 
(9x 9)* =9 


92x an 9! 
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(i) log,(mn) = loggm+ logan 
(ii) log, (=) = loggm—loggn 
(iii) logg m" = nloggm 
(iv) log, n = log, n X log, b 
log, n 
Tr => 
log, a 
(i) 
log,(mn) = loggm+log,n 
Proof: 
Letloggm=x andloggn=y 
Writing in exponential form 
a*~=m andaY’=n 
- aX*xay=mn 
i.e a*t¥ =mn 
or logg(mn) =x+y=loggm+log,n 
hence logg(mn) = loggm + logan 
the rule given above is useful in findingthe 
Product of two or more numbers using logarithms 
Example: 
Evaluate 291.3 x 42.36 
Solution: 
let x = 291.3 x 42.36 
Thenlogx = log(291.3 x 42.36) 
= log291.3 + log42.36 
(loggmn = loggm + logan) 
= 2.4643 + 1.6269 = 4.0912 
x = antilog4.0912 = 12340 
Example: 
Evaluate 0.2913 x 0.004236 
Solution: 
Let y = 0.2913 x 0.004236 
thenlogy = log 0.2913 + log0.004236 
logy = 1.4643 + 3.6269 
logy = 3.0912 
y = antilog3.0912 
y = 0.001234 
(ii) log, (*) = log, m.log,n 
Solution: 
Let loggm =x and loggn=y 
Sothata* =m andaY =n 
a* m 
== Say =— 
ay on n 
i.e loga (“) =x-—y=logagm-— logan 
n 
Hence log, (*) = loggm—logan 
Note: 


(i) log, (=) # 2e2™ 


logan 


(ii) log, m — log, n + logg(m — n) 


(iii) log, (-) = log, !—log,n = —log,n... 
-log,g1=0 
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Note: 
(i) logg(mn) # loggm Xx logan 
(ii) loggm + logan # logg(m+n) 
(iii) logg(mnp) = loggm + logan + lognpt-... 
Example: 
91.3 
42.36 


let se that | = 
e ~~ 74236°° a Ogx = 


Evaluate 


Then log x = log291.33 — log42.36,... 


m 
(log, . = log, m — log, n) 
logx = 2.4643 — 1.6269 = 0,8374 
Thus x = antilogo. 8374 = 6.877 
Example: 
0.0002913 


Evaluate 0.04236 


Solution: 
__ 0.0002913 


let y = ~yoaa36 
! Oe (" ae) 
O9Y F 99 \ 0.04236 
Then logy = log 0.002913 — log0.04236 
logy = 3.4643 — 2.6269 
= 3 + (0.4643 — 0.6269) —2 
= 3-—0.1626-—2 
=3+(1-0.1626)-1-2 
(adding and subtraction 1 ) 
= 2.8374 
[- 3 — See = -Be 1-(-2) =-2=2] 
Therefore, y = antilog2.8374 
y = 0.06877 
(iii) LogQm") = nloggm 
Proof: 


so that 


letloggm" =x, i.e aX =m" 
Andlogzm=y, i.e ay¥=m 
then a* = m”™ = (a’)" 
i.e aX =(a¥)"=a">x=ny 
i.e loggm" =nlogym 
Example: 


3 
Evaluate 4,/ (0.0163)? = (0.0163)4 


Solution: 


3 
let y = 4,/(0.0163)3 = (0.0163)4 
3 
loty = z (logo. 0163) 


=—x 2.2122 
_ 6.6366 


_ 4 
_ 8+ 2.6366 


4 
= 2+ 0.6592 = 2.6592 
Hencey = antilog2.6592 
= 0.04562 
(iv)Change of base formula: 
log,n 
logan = logyn x log,b OY ons 


Proof: 


Class 9 Chapter 3 


let logyn = x sothatn = b* 
Taking log to the base a, we have 
logan = loggb* = xlog,b = log,nlog,gb 
Thus logan = logpnloggb > (i) 
Putting n = ain the above result, we get 
logpa X loggb = log§ = 1 


or loggb = loupe 


hence equation(i) gives 
logan = pan > (ii) 


Using the aae rule, a natural logarithm can be 
converted to a common logarithm and vice versa. 
logion 
logioe 
logen 
loge10 
The valves of log,10 and log, 9e are available 
From the tables. 


loge10 = — = 2.3026 and 


logi9e = log2.718 = 0.4343 
Example: 

Calculate log23 x log38 
Solution: 

We know that 


logen = logion X loge10 or 


logign = logen X logi9e or 


log, n 
loggn= log, Ml 
log3 J log8 
log2 log3 
log8 _ log2* 


- logs 3 x log, 8 = 


log2log2 
3log2 


~ log2 


Example3.3 
. Which of the following into sum of difference. 
(i) log(A x B) 
Sol: log(A X B) = logA +logB 
Gi) log (55) 
Sol: log (== =) = log 15.2 — log 30.5 


a“) 


(iii) log ( 


~*) = log 21 + log5 — log8 


(iv) log ‘iz 


4 


Sol: log (2) = =(log) 


1 
= 3 (log7 — log 15) 
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(v) log * 


1 
cap = log(22)3 — log 53 


1 
] cae | 22 —3log5 
of 3 = gles og 


a) 


(ili) log ( 


25X47 


Sol: log (= \= log 25 + log 47 — log 29 


Q#2) Express logx — 2 logx + 3log(x + 1) — 
log(x? — 1) as a single logarithm. 


Sol: log x — 2 logx + 3 log(x + 1) — log(x? — 1) 
= log x — log x? + log(x + 1)? — log(x? — 1) 


x (+441)7 
= log (sr Ges 5) 
~ (x + 1)3 
-°5 (- (x—1D(x+ 5) 


i (x + 1)? 
~ 08 rere (x - 5) 


Q#3) Write the following in the single logarithm. 
(i) log 21+ log5 

Sol: log 21 + log5 = log(21 x 5) 

(ii) log 25 — 2log3 

Sol: log 25 — 2 log3 = log 25 — log 3? 


25 
= logs 


(iii) 2logx — 3logy 

Sol: 2logx — 3 logy = logx? — logy? 
= Ne 

(iv) log5 + log 6 — log2 

Sol: log5 + log 6 — log 2 = log (=) 

Q#4) calculate the following: 

(i). logs 2 x log, 81 

Sol: logs 2 X log, 81 


_ logpn 
(using loggn = jae a) 
log2 log81 


log3 2 x log, 81 = —— x ——— 
083 Pee log3 log2 
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(i). logs 3 x log; 25 
Sol: ). logs 3 X log; 25 


: logpn 
(using log, n = —= 


) 


logy a 


log3 _ log25 


logs 3 X log3 25 = oes 


log5 


_ log5? 
~ log5 


_ 2 logs 
~ log5 


=2 


Q#5) If log 2 = 0.3010, log3 = 0.4171 , andlog5 = 
0.6990, then find the values of the following: 


(i). log 32 
Sol: log 32 = log 2° = 5 log2 = 5 (0.3010) 
= 1.5050 
(ii). log 24 
Sol: log 24 = log(2? x 3) = log 23 + log3 
= 3 log2 + log3 = 3 (0.3010) + (0.4171) 


= 0.9030 + 0.4171 = 1.3801 


(iii). log | 3- 
a 
; i [x0 = 10\2 
Sol: log a. = log aa log (=) 


aay 10 


2 
1 
a 5 (log 10 — log 3) 
1 
= 5 (log(2 x 5) — log 3) 
1 
= 3 (log 2 + log 5 — log 3) 


1 
= 7 (0.3010 + 0.6990 — 0.4171) 


1 
= 5 (0.5229) 


= 0.2615 
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(iv). logs 


Sol: log= = log 8 — log3 = log 23 — log3 
= 3 log2 —log3 = 3 (0.3010) — 0.4171 
= 0.9030 — 0.4171 
= 0.4259 
(v). log 30 
Sol: log 30 = log(2 x 5 x 3) = 
= log2 + log5 + log3 
= 0.3010 + 0.6990 + 0.4171 


= 1.4771 
Application of logarithm 
Example: 
Show that 
16 


(Mon + tog = tog2 
is “4° "a0 


7log 
Solution: 
1 see 16 25 81 
HS = 0976+ slog5, t+ loge, 
= 7[log16 — log15] + 5[log25 — log24] + 
3[log81 — log80| 
= 7[log2* — log(3 x 5)] + 5[log5* — log 
(23 x 3)] + 3[log3* — log(2* x 5)] 
= 7[4log2 — log3 — log5| 
+5[2log5 — 3log2 — log3| + 3[4log3 — 4log2 
— log5| 
= (28 — 15 —12)log2 + (—7 —5 + 12)log3 
+(—7 +10 — 3)log5 
=log2+0+0=log2=R.H.S 
Example 


[0.079222x(18.99)? 
Evaluate 3 (5.79)*x0.94.744 
Solution: 
_ 3 0.079222x(18.99)2 
pata \ (5.79)4x0.94.744 
0.079222 x (18.99)? 
(5.79)* x 0.94744 


£ 
3 


en 0.079222 x (18.99)? 
O9Y = 3198 \ (5.79)* x 0.94744 


= jllog{0.07921 x (18.99)} 
— log{(5.79)2 x 0.9474}] 


= =[log0.07921 + 2log18.99 — 4log5.79 
— log0.9474] 


= — [2.8988 + 2(1.2786) — 4(0.7627) — 1.9765] 


1 
= 7 [2.8988 + 2.5572 — 3.0508 + 1 — 0.9765] 
i’, 
= 5 (2.4287) 


it. 
= 3G + 1.4287) 
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Class 9% 
= 1+ 0.4762 = 1.4762 

y = antilog1.4762 = 0.299333 
Example: 
Given A = A,e~** if k = 2 what should be the 
Value of d to make A = “7 
Solution: 
Given that A = Aye *4 


Chapter 3 


a yeh 
Ao 
; A 1 
Subtracting k = 2 and A= ae we get==e 


—2d 
Taking common log on both sides 

logig 1 — logy9 2 = —2dlogi9e 
Where e = 2.718 


0 — 0.3010 = —2d(0.4343) 


Example 3.4 


1. Using log tables to find the value of. 
(i) 0.8176 x 13.64 
Sol: Let x = 0.8176 x 13.64 
Taking log on both sides 
log x = log(0.8176 x 13.64) 
= log 0.8176 + log 13.64 
(In log 0.8176 , the ch. Is 1 we find the log(8.176) 
which is 0.9125, so combine both that is 
log 0.8176= 1 + 0.9125=1. 9125) 
= 1.9125 + 1.1348 
= —-1+4+ 0.9125 + 1.1348 
= —0.0875 + 1.1348 
logx = 1.0473 
Taking anti-log on both sides, we have 
x = Antilog(1.0473) 
x=11.15 


(ii) (789.5)s 


1 
Sol: Let x = (789.5)8 
Taking log on both sides 


1 
logx = log(789.5)8 
1 
=5 [log(789.5)] 


= = [2.8974] aa 


logx = 0.3622 
Taking anti-log on both sides, we have 
x = Antilog (0.3622) 


x = 2.302 
we, 0.678X9.01 
(411) ————_ 
0.0234 
0.678x9.01 
Sol: Let x = ———— 
0.0234 


Taking log on both sides 


0.678 x 9.01 
0.0234 
= log(0.678) + log(9.01) — log(0.0234) 
= 1.8312 + 0.9547 — 2.3692 
= (—1 + 0.83120) + 0.9547 — (—2 + 0.3692) 
= (—0.1688) + 0.9547 — (—1.6308) 


logx = log ( 
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= —0.1688 + 0.9547 + 1.6308 
= 2.4163 
logx = 2.4163 
Taking anti-log on both side, we have 
x = Antilog(2.4163) 

x = 261 
(iv) ¥2.709 x 4/1.239 
Sol: Let x = ¥2.709 x 1.239 
Taking log on both sides 


logx = log(V2.709 x 41.239) 
1 1 
= log(2.709)5 + log(1.239)7 
1 1 
=< [log(2.709)] + 7 [log(1.239)] 


= =[0.4328] + =[0.1931] 
0.4328 0.1931 
- i. 
= 0.0866 + 0.0133 
logx = 0.0999 
Taking anti-log on both sides, we have 
x = Antilog(0.0999) 


x = 1.258 
(1.23) (0.6975) 
(0.0075) (1278) 


; __ (4.23)(0.6975) 
Sol: Let x = (0.0075)(1278) 


Taking log on both sides 
(1.23)(0.6975) 
eg ree ( aes) capay) 
= log(1.23) + log(0.6975) — log(0.0075) 
— log(1279) 
= 0.0899 + 1.8435 — 3.8751 — 3.1065 
= 0.0899 + (—1 + 0.8435) — (—3 + 0.8751 
— 3.1065 
= 0.0899 + (—0.1565) — (—2.1249) — 3.1065 
= 0.0899 — 0.1565 + 2.1249 — 3.1065 
logx = —1.0482 
Adding and subtracting 2 on R.H.S 
logx = —2 +2 — 1.0482 
logx = 2 + (2 — 1.0482) 
logx = 2 + (0.9518) 
logx = 2.9518 
Taking anti-log on both side, we have 
x = Antilog(2.9518) 
(Here Antilog(0.9518) = 8.50 but Ch. 2 indicates 
that point will move two digits to left side) 


x = 0.0850 
ee fo.7214 20.37 
(iii) CLEMENS LE 
60.8 
3 [o.7214 20.37 
Sakicx= | —_— 
60.8 


Taking log on both sides 


310.7214 x 20.37 
logx = log ——ae 
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Class 9 Chapter 3 
[log(0.7214) + log(20.37) — log(60.8)] 


[1.8582 + 1.3090 — 1.7839] 


[—1 + 0.8582 + 1.3090 — 1.7839] 


[—0.1418 + 1.3090 — 1.7839] 


= ~[-0.6157] 
0.6157 


3 


WIL RWI RWI RW] Rw 


logx = —0.2056 
Adding and subtracting 1 on R.H.S 
logx = -—1+1-— 0.2056 
logx = 1+ (1 — 0.2056) 
logx = 1+ (0.7944) 
logx = 1.7944 
Taking anti-log on both side, we have 
x = Antilog(1.7944) 
(Here Antilog(0.7944) = 6.229 but Ch. 1 indicates 
that point will move one digits to left side) 
x = 0.6229 
83x Voz 
™) 127x 246 


3 
83x Vo2 
Sol: Let x = —=—= 
127x246 


Taking log on both sides 


logx = oe 


83 x V92 
re 

= log(83) + log(92)3 — log(127) — log(246)5 
= log(83) + 5 log(92) — log(127) — slog(246) 


1 1 
= 1.9191 + 5 (1.9638) — 2.1038 — = (2.3909) 


1.9638 2.3909 
= 1.9191 + — 2.1038 — 5 
= 1.9191 + 0.6546 — 2.1038 — 0.4782 
logx = 1.9917 
Taking anti-log on both side, we have 
x = Antilog(1.9917) 
x = 0.9811 
..., (438)3V0.056 
(viii) eae 
Sol: Let x = ise) wee 
(388)4 
Taking log on both sides 
, ng (438)3V0.056 
og x = log (388) 


1 
= log(438)? + log(0.056)2 — log(388)* 
1 
= 3log(438) + 7 log(0.056) — 4 log(388) 
1 _ 
= 3(2.6415) +5 (2.7482) — 4(2.5888) 
1 
= 7.9245 + 3 (2 + 0.7482) — 10.3552 


1 
= 7.9245 + —(—1.2518) — 10.3552 
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= 7.9245 — 0.6259 — 10.3552 
logx = —3.0566 
Adding and subtracting 4 on R.H.S 
logx = —4+4— 3.0566 
logx = 4+ (4—- 3.0566) 
logx = 4+ (0.9434) 
logx = 4.9434 

Taking anti-log on both side, we have 

x = Antilog(4.9434) 
(Here Antilog(0.9434) = 8.778 but Ch. 4 indicates 
that point will move four digits to left side) 

x = 0.0008778 
Q#2) A gas is expanding according to the law pv” = 
C. Find C, when p = 80, v = 3.1andn= “ 
Sol: pv" =C 
Taking log on both sides 
log( pv") = logCc 

logC = logp + log v” 

logC = logp + nlogv 
Putting values 


5 
log C = log80 + zl08 3.1 


5 
logC = 1.9030 + (0.4914) 


log C = 1.9030 + 0.6143 
log C = 2.5173 
Taking anti-log on both side, we have 
C = Antilog(2.5173) 
C = 329.2 


Q#3) The formula p = 90 (5)~i0 applies to the 
demand of a product, where q is the number of units 
and p is the price of one unit. How many units will be 
demanded if the price is Rs. 18.00? 


Sol: p = 90 (5)"10 
Taking log on both sides 
q 
log(p) = log(90 (S) 19) 
q 
log p = log90 + log((5) 10) 
| ae 

logp = log 90 10 log5 

Putting values 


= me 
log 18 = log 90 79 08° 
1.2553 = 1.9542 — = (0.6990) 
1.2553 — 1.9542 = - = (0.6990) 


q 
—0.6990 = —— (0.6990 


q 
1=— 
10 


q = 10 units 
Q#4) If A = mr, find A, when 1 = = andr = 15 
Sat A= ar 
Taking log on both sides 
log( A) = log(r?) 
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Class 9% Chapter 3 
22r 
log( A) = log = 


log A = log 22 + log(r)* — log7 
logA = log 22 + 2logr — log7 
Putting values 
log A = log 22 + 2log15 — log7 
log A = 1.3424 + 2(1.1761) — 0.8451 
logA = 1.3424 + 2.3522 — 0.8451 
logA = 2.8495 
Taking anti-log on both side, we have 
A = Antilog(2.8495) 
A = 707.1 Sq. units 


Q#5) If A = snr?h, find A, when x = < .r = 2.5 and 
h=4.2 
Sol: A = onr*h 
Taking log on both sides 
ah 
log( A) = log (-xrh) 
eye S, 22r°h 
og( A) = log| 5 
log A = log 22 + log(r)? + logh — log 21 
log A = log 22 + 2logr + logh — log 21 
Putting values 
log A = log 22 + 2log2.5 + log 4.2 — log 21 
logA = 1.3424 + 2(0.3979) + 0.6232 — 1.3222 
log A = 1.3424 + 0.7958 + 0.6232 — 1.3222 
logA = 1.4392 
Taking anti-log on both side, we have 
A = Antilog(1.4392) 
A = 27.49 cubic units 
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Class 9! 


Algebraic Expressions 

Algebra is a generalization of arithmetic. Recall 
that when operations of addition and subtraction 
are applied to algebraic terms, we obtain an 
algebraic expression. For instance, 5x2 — 3x + 


# 3xy + - (x # 0) are algebraic expressions. 


Polynomials 

it is a polynomial A polynomial in the variable x is 
an algebraic expression of the form 

P(x) = ayx" + apy x14 ag_p x7 4 w+ 
a14X + Ao, 

where n, the highest power of x, is a non-negative 
integer called the degree of the polynomial and 
each coefficient a,,, is a real number. The 
coefficient a,, of the highest power of x is called the 
leading coefficient 

of the polynomial. 2x*y? + x?y? + 8xisa 
polynomial in two variables x and y having degree 
6 (4+2=6). 

Rational Expression 


The quotient me of two polynomials, p(x) and 


q(x), where q(x) 
is a non-zero polynomial, is called a rational 
expression. 

2x+5 2 ° 
For example, are 5x— # 0 isa rational 
expression. 
Note: 


Every polynomial p(x) can be regarded as a 
rational expression, since we can write p(x) as po : 
Thus, every polynomial is a rational expression, but 
every rational expression need not be a polynomial. 
Algebraic formulas 

(i).(a + b)? = a? + b? + Zab 

(ii).(a — b)* = a? + b? — 2ab 

(iii). x’ — y* = (x—y)(x+y) 

(iv) (x+y)? =x3 +y? + 3xy(x+y) 

(v) (x - ny x3 — y? — 3xy(x—- y) 

(vi) (x +2) =23+543(x+2) 

(vii) x3 + y? = (x + y)(x* —xy + y’) 

(viii) x3 — y? = (x— y)(x* + xy + y”) 


EXERCISE4.1 


Q#1) Identify whether the following algebraic 
expressions are polynomials (Yes or No). 


(i). 3x? 42-5 
Sol: No, it is not a polynomial because it contains 


the term <. 

(ii). 3x3 — 4x2 —xVx4+3 

Sol: No, it is not a polynomial because it contains 
the term xVx. 
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(iii). x? — 3x + V2 
Sol: Yes, it is a polynomial because all powers are 
non-negative integers. 

. 3x 
(iv). 2x1 +8 
Sol: No, it is not a polynomial because it contains 

he term oo 
the ORE 
Q#2) State whether each of the following 
expressions is a rational expression or not. 

2 3vx 
(i). 3V¥x+5 
Sol: It is not rational expression. 
(ii) 32x72 43 

* 243x—x2 

Sol: It is not rational expression. 

eee. X24+6X49 
(iii). =e 
Sol: It a rational expression. 

. \ 2Vx+3 
(iv). 2iE3 
Sol: It is not rational expression. 
Q#3) Reduce the following rational expressions to 
the lowest form. 

» 120 x? y? 2 
(i). 30 x3y 22 

_120x7 y3z> 

Sol: sony 


es, 8a(x+1) 
(ii). 2(x2-1) 
_8a(xt1) 4a (xt1) 
Sol: 2(x2-1) — (x-1)(x+1) 
4a 
~ (x-1) 
4a 
x-1 
eee, (X+y)*—4xy 
(iii). ae 
: (x+y)?-4xy _ x2 +y*4+2xy—4xy 


BU (x-y)? x2 ty? —-2xy 


. (x3—y3)(x?-2xy+y”) 
(iV). Gy arayty) 
S 3 —y3)(x?-2xyty?) _ (x3 -y3) (x? -2xy+y?) 
" -y)(t+xyty?) (x3—y3) 
=(x-y)? 

(x+2)(x?-1) 
(v). (x+1)(x2-4) 
I: (x+2)(x2-1) _ (x+2)(x-1)(x4+1) 

* (x41)(x2-4) (x +1) (x?-22) 

_— &+2)@—-1) x-1 


~ (x—2)(x+2) x-2 


So 


(vi) x?—Ax+4 
* 2x2-8 
x*-4xt+4 — x*-2(x)(2)+(2)? 


Sol: 2x2-8 2(x2-4) 
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_ ese 
~ 2(x?2 — 22) 
(w= 2)? 
~ 2x— ee + 2) 
x — 
~ 2x + 5 
64x°-64x 
(8x2-+8)(2x+2) 
_ 64x5-64x 6 4x(x4t-1) 
* (8x248)(2x+2)  8(x2+41)2(x41) 
_ 4x((x7)? — (1)?) 
~ (x2 +1)(x + 1) 
_ 4x(x? + 1)(x? — 1) 
~ (x2 4+1)(x4+ 1) 
_ 4x(x— 1) + 1) 
(x +1) 
= 4x(x - 1) 


(vii). 


Sol 


9x2—(x2-4)" 
44+3x-x2 
_ 9x2—(x2—-4)" — (Bx)?=(x2-4)" 
Sol: 44+3x-x2 44. 3x—-x2 
_ (Bx — (x* — 4))(3x + (x? — 4)) 
7 4+ 3x —x2 
_ Bx— x? +4)(3x +x? —4) 
- 4+ 3x —x2 
=3x+x7-4 


Q#4) Evaluate (a). sa <= fo r 
(i).x=3,y=-1 and =— 


(viii). 


Sol: As given ——— i da 


Puttx =3,y= “4 and z = —2 in above 
x3y—2z  (3)3(-1) —2(-2) 
(3)(-2) 
_ (27)(-1) + 4 
7 —6 
—-27+4 
-—6 
- 23 = 5 
6 6 °6 
(ii). x = -1,y = -9andz=4 
x3y-2z 


XZ 


—23 


Sol: As given ——— 
Putt x = ie = "9 and z = 4 in above 
x3y—2z  (-1)3(-9) - 2(4) 
— — RESIS SS 


x2 y3—5z4 


(b). for x =4,y = —2andz=-— 


Sol: As given ~ 


x2 y3—524 
Z 


Putt x = 4, y = —2 and z = —1 in above 
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_ (4)7(-2)° — 5(-1)4 


~ (4)(=2)(-1) 
_ (16)(~8) — 5(4) 


x2y3 — 524 
xYZ 


eae amie the indicated operation and simplify. 


(i). 
Sol: 


(ii). 
Sol: 
_ [C)? + (2x)? + 2(1)(2x)] = 


(v). 


2x- 5 


4 
3y-2x 
4 _ 15 #44 
2x-3y —(2x-3y) 
15 4 
= ——_— 4+ —— 
2x—-—3y 2x-3y 

_ 15+4 

~ 2x — 3y 

—_ 19 

~ 2x — 3y 


2x- S 3y-2x 


1-2x 

14+2x 
1-2x 
14+2x 


14+2x 

1-2x 
14+2x 
1-2x 


(1+2x)*-(1-2x)? 
(1-2x)(1+2x) 
[(1)? + (2x)? = 
(1)? — (2x)? 
14+4x24+4x-1-—4x7 + 4x 


2(1)(2x)] 


_ (@+5)- 5) x+5 
(x + 6)(x — 6) x+6 
_ (+ 5)(x—-5)—-(*- 6)(X + 5) 
a (x + 6)(x — 6) 
(x? — 25) — (x? + 5x — 6x — 30) 
4 — 36 
(x? — 25) — (x? —x— 30) 
7 — 36 
_x*—25—x*+x+4+30 


2° x-y x+y = (x-y) (x+y) 

_x@ty)—~y@—y) — 2xy 

(x-y)(x+y) 
_ x +xy—xyt+y? —2xy 

(x-y)(x+y) 

__ @-y)? 
(x-y)(x+y) 
x-y 


x+y 
x+2 


To 2x2-18 


Class 9 Chapter 4 


x-2 _ xt+2 x-2 _ x+2 
x24+6x+9  2x2-18 = (x)2+2(x)(3)+(32) = 2(x2-9) 
x-2 x+2 
~ (x+3)2  2(x2 — 32) 

x-2 x+2 
~ (x+3)2 2(x—3)(x +3) 
_ 2(x—2)(x— 3) - (x + 2)(x + 3) 
~ 2(x — 3)(x+ 3)2 
2 (x? — 3x — 2x +6) — (x7 + 3x+2x+6) 
7 2(x —3)(x + 3)2 
2 (x? — 5x +6) — (x? +5x+6) 
> 2(x — 3)(x + 3)? 
2x7 —10x+12—x?-5x-6 
~ 2(x — 3)(x+ 3)? 
x? —15x+6 
~ 2(x —3)(x+ 3)2 
Ba 


Sol: 


x+1 x4741  (x-1)(x+1)(x? +1) 
_1@t 1)(x? +1) —1(@- 1)(x? +1) - 20+ 1)@-1)-4 
(x —1)(x + 1)(x? + 1) 


_ (x taxetx? +1) — (a x — xR — 2x? - 1) = 

~ x*-1 

e4+xtx2741-—x8 —x4+x%741-—2x742-4 
~ x*-1 


_ 2x*+4—2x*—4 


x*-1 
= = 
Q#6) Perform the indicated operation and simplify. 
(i). (x? — 49) 22% 


X+7 


Sol: (x? — 49). = = (x7 - 7?) = 


_ 7 19 5x+2 
= (4-N@+7). 7 
= (x — 7)(5x + 2) 
(ii) 4x-12 | 18-2x* 
a = ere re 
_4x-12 | 18-2x? _ 4(x-3) 
Sol: x2-9 ° x246x+9  x2-32 2(9-x2) 
_ 4(«- 3) (x + 3)? 
~ (x—3)(x +3) 2(3—x)(3 4x) 
2 1 2 


~1*@-x) 3-x 
+ (x44 x?y? + y*) 


(x)? +2(x)(3)+(32) 


xo 
x2—y2 
2 + (xt aty? +9) 
(x2) — (y?)3 1 
~ (—y)aty)” Ott xy? + y4) 
_ 2? = ¥*)(0?)? + (@7)0) + 9)”) 
(x-y)(x+ ¥) 


x 
(x4 + x2y2 + y*) 
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_@-y@+yG3y +y4) 


(x-y)(x+y) 
=1 


(x4 + x2y? + y*) 


(iv). = 
_ (x 1)(e+1) x+5 
~~ (41)2 1 -x 
_@-1) xt5 
~ (x+1) “-(«-1) 
_  («+5) 
~ (x41) 
x*+xy x*+xy e x*—x 
). Gey) “y(xty) © xy-2y 
, tay yrtxy . x*-x 
nor: y(xty) ‘y(xty) © xy-2y 
_ x(xty) xaxt+y) xy—2y 
yaxty) y(xty) x*-x 


Algebraic formulas 
(i).(a + b)? + (a — b)? = 2(a? + b?) 
(ii).(a + b)* — (a — b)? = 4ab 
(iii). (a+ b+c)* =a2+b2+c*+2(ab+act+ 
ca) 
(iv) (x + y)? = x3 + y+ 3xy(x + y) 
(v) @ — y)? =I y? esxy(x — y) 

3 
(vi) (x +2) =x3+543(x +2) 
(vii) x3 + yy? = (e+ y)(x? — xy + y”) 
(viii) x3 — y? = (x -—y)(x? +xy + y?) 


EXERCISE 4.2 
Qi). 


(i) Ifa + b = 10 and a — b = 6, then find the value of 
a* + b? 
Solution: As givena +b =10anda—b=6 
We find a? + b?=? 
Using the identity 
(a+ b)? + (a— b)? = 2(a? + b?) 
Put values 
(10)? + (6)? = 2(a? +b”) 
100 + 36 = 2(a? + b?) 
136 = 2(a? + b) 


Which is required. 

(ii) If a+ b = 5 and a — b = v'17, then find the 
value of ab 

Solution: As givena +b =5anda—b=V17 
We find ab=? 

Using the identity 
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(a+b)? —(a—b)* = 4ab 
Put values 


(5)? -(V17) = 4ab 
25 —17 = 4ab 


Which is required. 
Q#2) If a2 +b? +c? = 45 anda+b+c=-—1, 
then find the value of ab + bc + ca 
Solution: As given a? + b? +c? = 45 anda+b+ 
c=-1 
We find ab + bc + ca=? 
Using the identity 
(a+b+c)* =a*+b*+c*+2(ab+ac +ca) 
Put values 
(-1)? = 45 + 2(ab + be + ca) 
1=45 + 2(ab + be + ca) 
1—45 = 2(ab + bce + ca) 
—44 = 2(ab + bc + ca) 
44 
ab+bce+ca=— 7 
ab+bce+ca=—22 
Which is required. 
Q#3) Ifm+n+ p= 10 and mn+ np + mp = 27, 
then find the value of m? + n? + p? 
Solution: As given m +n + p = 10 and mn + np + 
mp = 27 
We find m? + n? + p?=? 
Using the identity 
(m+n+p)? =m? +n? +p? + 2(mn+t+ np + mp) 
Put values 
(10)? = m2 +n? + p* + 2(27) 
100 = m2 +n? 4+ p*? +54 
100 —54 =m? +n? +p? 
m? +n? + p* = 46 
Which is required. 
Q#4) If x? + y* +27 = 78 andxy + yz+zx = 59, 
then find the value of x + y +z 
Solution: As given x? + y* + z* = 78 and xy + 
yz+zx = 59 
We findx +y+z=? 
Using the identity 
(x+y +z)? =x? + y24+27 + 2(xy + yz 4+ zx) 
Put values 
(x+y +z)? = 78 + 2(59) 
(x+y+z)? =784+118 
(x+y+z)? =196 
On taking square root, we get 
J@+y +2)? = +v196 
x+ty+z=+14 
Which is required. 
Q#5) If x2 + y* +27 = 78 andxy + yz+ zx = 59, 
then find the value of x + y + z 
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Solution: As given x + y+ z = 12 andx? + y? + 
z* = 64 
We find xy + yz+zx =? 
Using the identity 
(x+y +z)? =x? 4+ y274+27 4 2(xy + yz t+ zx) 
Put values 
(12)? = 644+ 2(xy + yz + 2x) 
144 = 64+ 2(xy + yz+2x) 
144-64 = 2(xy+ yz+2x) 
80 = 2(xy + yz + 2x) 
80 
z= (xy + yz + 2x) 
xy +yz+zx = 40 
Which is required. 
Q#6) If x + y = 7 and xy = 12, then find the value 
of x3 + y? 
Solution: As given x + y = 7 and xy = 12 
We find x? + y? =? 
Using the identity 
(x+y)? =x? +y? + 3xy(x + y) 
Put values 
(7)? = x3 + y? + 3(12)(7) 
343 =x? + y2+4+252 
343 — 252 =x? +y? 
x3 sage? = 91 
Which is required. 
Q#7) If 3x + 4y = 11 and xy = 12, then find the 
value of 27x? + 64y? 
Solution: As given 3x + 4y = 11 andxy = 12 
We find 27x? + 64y? =? 
Using the identity 
(x+y)? =x? +y? + 3xy(x + y) 
It becomes 
(8x + 4y)? = (3x)° + (4y)° 
+ 3(3x)(4y)(3x + 4y) 
(3x + 4y)? = 27x? + 64y? + 36(xy)(3x + 4y) 
(11)? = 27x3 + 64y? + 36(12)(11) 
1331 = 27x? + 64y? + 4752 
1331 —4752 = 27x? + 64y? 
27x? + 64y? = —3421 
Q#8) If x — y = 4 and xy = 21, then find the value 
of x? — y? 
Solution: As given x — y = 4 and xy = 21 
We find x3 — y? =? 
Using the identity 
=p) =n" —y? = 3G 9) 
Put values 
(4)? = x — y? — 3(21)(4) 
64 = x3 +y?— 252 
644+ 252=x3+4+y? 
x? + -y? = 316 
Which is required value. 
Q#9) If 5x — 6y = 13 and xy = 6, then find the 
value of 125x? — 216y° 
Solution: As given 5x — 6y = 13 and xy = 6 
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We find 27x? + 64y? =? 

Using the identity 
(x+y) =x3 +y? 4+ 3xy(x+y) 

It becomes 

(Sx — 6y)* = (5x)° — (6y)* — 3(5x)(6y) (Sx 
— 6y) 
(5x — 6y)? = 125x3 — 216y? — 90(xy)(5x — 6y) 
(13)? = 125x3 — 216y? — 90(6)(13) 
2197 = 125x? — 216y? — 7020 
2197 + 7020 = 125x3 — 216y? 
125x? — 216y? = 9217 
Which is required value. 


QH#10) If x += =3 then find the value of x? + | 
Solution: As given x + : =3 
We find x? += =? 
x 
Using the identity 


(+3) 


3 


Put values 


Which is required value. 
Q#I1) Ifx— : = 7 then find the value of x3 — 7 


Sol: As given x — . =7 
We find x3 — = =? 
x 


Using the identity 
(-3) 

xX _ 

x 


(7) = Pog ag) 


Put values 


1 
343 = x3 -—- 21 
x 
1 
343 +21=x3 -— 
x 
1 
x3 —— = 364 
x 
QH12) If (3x +=) = 5 then find the value of 
3 1 
27x? + a8 
Solution: As given3x + . =5 
We find 27x3 + = =? 
Using the identity 
3 


1 P 1 1 
(x +=) =x +543(x+-) 
x x x 
It becomes 
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(sx + | = (3x)? + at + (3x + =) 


(3 +2) -2704 z +(3 +3) 
oT ea aa ae ae 
(5)? = 27x3 + : + 3(5) 

27x3 


125 = 27x? 15 
x? + 7x3 + 


(5 46 97 
Mt 9758 


3 is 
27x3 + 4 = 110 


Qu13) If (Sx — =) = 6 then find the value of 
a 
125x ee 
Solution: As given 5x — = =6 
We find 125x3 — — =? 
125x 
Using the identity 


1 
= ey ale 
3 


(5e- 2) = 1258-1 +(s 

‘a Sx) 4 125x3 - 
1 

— — 3(6 

125x3 (a) 

216 = 125x3 — 


(6)? = 125x? — 


—18 
125x3 


216 + 18 = 125x3 — 
et ~~ 725x3 


125x3 = 234 
* Bes. 

Q#15) 

(i). x2 -y2 -x+y 

Sol: x? —y?-—x+y 

= (x —y)(x? +xy + y*)-—(x-y) 

= (x —y)(x? +xy ty? —1) 


oe 3 is 
(ii). 8x aye 


Sol: 8x? — 
27y3 


= a0r-( 
= (2x - =) (2x? + (2x) (=) + (=) ) 


: ) (4x? +—+ 52) 
y 3y Oy? 
Q#16) Find the product, using formulas. 
(i). (x? + y?) (x4 — x?y? + y4) 
Solution: (x? + y*)(x* — x?y? + y*) 
= (x? + y?)[ (x2)? - (%?)(y?) + ()?] 
Using identity 
xe ty? =(xty)(x? —xy + y’) 
= (x7)? + (?)? 
= xo + 6 


3 
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Gr =. Gray ay) 
Sol: (x3 — y3)(x® + x3y3 + y®) 
= (8 ~y)[@3)? + 03)0) + O)?] 
Using identity 
P=yawaya tyr) 
= (x7)? — (9)? 
= x? _ y? 
(iti). (x — y)(x + y)(x* + y?) (x? 
+xy + y?)(x? 

yt y ae ey ty) 

Sol: (x — y)(x + y)(x? + y?)(x? 
+xy + y?)(x? 
ey Oe Se yay) 
=|)" tay ta iat 

—xy + y7)I[(x? + y7)(x?)? — @4)07) £ GAR)] 
Using identity 
ty =o +y)O" =xy toy 
= [x3 — y?][x3 + y7][(@?)? + G7)? ] 

= [@?)? — GO VAIr* + y°] 
SP =e ay") 


Chapter 4 


(iv). (2x — 1)(2x? + 1)(4x* + 2x? +1)(4x* - 

2x ed) 

Sol: (2x? — 1)(2x? + 1)(4x*4 + 2x? + 1)(4x* — 

2x? + 1) 

= [(2x? — 1)((2x?)? + fac?) (1p 1)? ] [C27 
+ 1)((23)* — (zag) + (1)7] 

= [(2x2)3 = (1)3][(2x2)3 + (193) 

= (8x° — 1)(8x° + 1) 

=(8x")4=()* 

= 64x14 -1 
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Surd: 

An irrational radical with rational radicand is called a 
surd. 

That is “Va surd if a is rational and ‘Va is irrational. 
For example, V2 V5, V10 

Also, Vz is not a surd because 77 is not rational. 


v¥10+ V2 is not a surd because 10 + V2 is not a 


rational number. 


EXERCISE 4.3 


1. Express each of the following surd in the simplest 
foam. 


(i) V180 
Solution: V180 = V2 x*2x3x3x5 
= /22x32x5 
=2x3V5 
= 6V5 
(ii) 3V162 
Solution: 3V162 = 3V2 x3 x3x3x3 
= 32 x 32 x 32 
=3x3x3Vv2 
= 27V2 


(iii) 7 3/128 

Solution: = V12 ==42 X2X2X2X2X2x%2 
33 
4 


23x23 x2 


= =(2 x 22) 
=5 (44D) 
= 32 


(iv) °/96xSy7z8 
Solution: */96x°y7z® 


= V2x2x2xX2x2xX3xXxxXySxoxxXxy2xzZ3 


= V25xx5 xy5xz5x3xxxy2 x z3 
=2xXxxyxzV3xxxy2xz3 
= 2xyzs/3xy2z3 


(#2) Simplify 
|. vi6 
O. Bye 


pelaion: V3v2_— V3V2—«iVBWD v3 
(ii). Tea 
V21V9 _ V3x7V3x3 _ V3V7V3V3 __ 
V63 V3X3X7 V3V3V7 v3 
(iii). 9/243x5y10z15 
=V3x3x3x3x3xx5x yx y5 x z5 x z5 x z5 
= V35x x5 x yx y5 x z5 x z5 x Z5 


V¥18 — V2x3x3 _ V¥2V3V3 _ 
v21Vv9 
Solution: = SS FS 
Solution: 5/243x5y10z15 
1 
=(3° Sx x yr MY Me he? Mas 
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= 35%5 x OE x ys x ys x PE x rE x 2X5 Solution: (v5 + V3) 
se ae a a = (v5) + (V3) + 2(V5)(v3) 
ee =54+3+2V3x5 =8+42Vv15 
(iy) 5 v125 Git). (V5 + V3)(V5 — V3) 
Solution: = V1258 = =V5x5x5 Solution: (V5 + V3)(V5 — V3) 
=i8 = (v5) - (v3) 
a =5-3=2 
=56) (iv). (W2 + DW2- 5) 
=4 oak type 
«). x7 xv Solution: (v2 + =)(W2 — =) 7 
Solution: V21 x V7 x V3 = V7X3 x V7x V3 = (v2) - (=) 
= V7 x V3x V7 x3 fee v3 
= (v7) x (v3) A 745-373 
me = . _— (i). (Vx + Jy) (Vx — Jy) (x + y) (x? + y?) 
implify by combining similar terms. Solution? (vx + Jy) (Wx - Jv) + y)(x2 + y?) 
(i). V45 — 3V20 + 4V5 2 2 
Solution: V45 — 3V20 + 4V5 = V3 x 3x5 — = ((vz) - (Wy) )@ +@? +”) 
3V2x2x5+4V5 = G— We + GAyye) a 
_ (hoe [22 eave ae | Op?) (x? + y7) 
= 3¥5 —3x2V5+4Vv5 
= 3V5 — 6v5 + 4V5 
= 45(3-6+4) 
= v5(1) 
=V5 
(ii). 4V12 + 5V¥27 — 3V75 + ¥300 
Solution: 4V12 + 5V¥27 — 3V75 + V300 
= 4/2x2x34+5V3x3x3-3V5x5x3 
+V¥2x2x5x5x3 
= 4/22 x 34532 x 3-352 x3 
++ 22 x 52 x3 
= 4x 2V3+5 x 3V3—3x5V3 +2 x 5v3 
= 8V5 + 15V5 —15V5 + 10V3 
= 73(8 +15 —15+10) 
= V5(18) 
= 18V5 
(iii). V3(2V3 + 3V3) 
Solution: V3(2V3 + 3V3) = V3(5v3) 
= 5(V3) =5(3) =15 
(iv). 2(6V5 — 3V5) 
Solution: 2(6V5 — 3V5) = 2(3V5) 
= 6Vv5 
Q#4) Simplify 
(i). (3 + V3)(3 — V3) 
Sol: (3 + V3)(3 — V3) 
= (3) — (v3) 
=9-3=6 
(ii). (V5 + V3) 


=x+~y4 
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Surd: 

An irrational radical with rational radicand is called a 
surd. 

That is ‘Va surd if a is rational and ‘Va is irrational. 


For example, V2,V5, V10 


Also, V7 is not a surd because 71 is not rational. 


V¥10 + V2 is not a surd because 10 + V2 is not a 
rational number. 

Monomial surd: 

A surd which contains a single term is called a 
monomial surd. 

e.g., V2, v5 ete. 

Binomial surd: 

A surd which contains sum of two monomial surds or 
sum of a monomial surd and a rational number is 
called a binomial surd. 

e.g., V2 + V7 + or ¥12 — V7 or V10 — V2 ete. 

We can extend this to the definition of a trinomial 
surd. 

Rationalizing factor of the other 

If the product of two surds is a rational number, then 
each surd is called the rationalizing factor of the other. 
Rationalization 

The process of multiplying a given surd by its 
rationalizing factor to get a rational number as product 
is called rationalization of the given surd. 

Conjugate surd 

Two binomial surds of second order differing only in 
sign connecting their terms are called conjugate surds. 
Thus (Va + Vb) and (Va — Vb) are conjugate surds 


of each other. 
The conjugate of x + Jy is xX — Ve 
The product of the conjugate surds Vx + ,/yand 
Vx a Vy, 
2 2 
(vx + Jy )(vx— Jy) = (Vx) -G/y) =*-y 


is a rational quantity independent of any radical. 
Similarly, the product of x + m,/y nd its conjugate 
x —m,/y has 
2 
(x +mJP)(x— myy) = @* - (my) 
=x?—m’y 
and have no radical. For example, 
2 
(4+ V3)(4 — V3) = (4)? - (v3) =16-3 = 13 


, Which is a rational number. 


EXERCISE 4.4 


1. Rationalize the denominator of the following. 


(i 
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., 14 
(il) 35 
14 14 _ 98 


Solution: Joa = Joa x 58 


_ 14v98 


oes 6 
O) Fm 


Solution: Se" = 


6 
Vav27 216 216 216 
6/216 
(V216)" 
6V6X6xX6 
a 216 
6 x 6V6 
~~ 216 
V6 
6 


. 1 
(iv) 3+2V5 


Solution: _ oa75 


1 
342V8  342V8 < 3-2V5 
| B-2V5 
(3)2 — (2v5). 
3-—2V5 
~9— (4x5) 
3-—2V5 
~ 9-20 
3-—2V5 
aT 
als — 25 
7 3-295) 


15 
) aia 


: 15 15 V31+4 
Solution: = 


Vai-4 — 3i—4 * 3i+4 
_ 15(V31+ 4) 
(v31)" - (4)? 
15(V31+4) 
~ 31-16 
15(V31+4) 
~ 15 
= V31+4 


a 2 
Wi) EB 
Solution: 


2 2 via 
V5-v3.—¥5-v3 © V54+v3 
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2(V5 + V3) Taking conjugate, we get 


” (5-3 


2(v5 + v3 
—— (iv). 2+ V5 


2(v5 + v3) Solution: Let z = 2 + 
=o 9 Taking conjugate, we get 


2 
=V5+v3 


« V3-1 
(vi) V3+1 


. 3-1 V3-1_—-V3-1 Solution: Let z = 5+ V7 
Solution: Jae V3e1 * V5-1 Taking conjugate, we 
2 
__(v3~1) 
= 
(v3) — @)? 
2 
_ (V3) +)? - 203) 
7 3-1 
_3+1-2v3 


2 
_4—2v3 


(vi). 4—v15 
Solution: Let z = 4— V15 
Taking conjugate, we get 


2 (vii). 7 — V6 
2(2 — V3) Solution: Let z = 7 — 
wWJo2 s«S Taking conjugate, we ge 
=2- v3 
(vi) V5+Vv3 
V5—Vv3 a 
Sol e183 = VEHN3 ,. VE+V3 (viii). 9 + V2 
ONyE-V3. VB-v3 Sea Solution: Let z = 9 + V2 


7 (v5 a V3) Taking conjugate, we get 


8) ~ (3) 
_ (5) + (V8) + 205)(V3) om 
nm ee (i). fx = 2 — V3 find = 
= Solution: x = 2 — V3 


2 
_ 84215 And += += 4x 208 


2-V3_-2-v3-—2+v3 
_ 24+v3 
3 (2)? - (v3) 
=44+V15 _ 2+ v3 
Q#2) Find the conjugate of x + ,/y. 4-3 
(i). 3 +7 _2+N3 


: 1 
Solution: Let z = 3+ V7 
uti v7 =2+V3 


Taking conjugate, we get 


2 
_ 2(44+-v15) 


(ii). If x = 4 — V17 find ~ 
Solution: x = 4 —-— ¥17 
(ii). 4 -— V5 Anat =—2 1 44+viI7 


x 4-17 = 4-V17 44+V17 
Solution: Let z = 4 — 44+<V17 


Taking conjugate, we (4)? (/a7) 
44+V17 
~ 16-17 
_ 4417 
-1 


(iii). 2 + V3 
Solution: Let z = 2 + V3 
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= —(4+ 717) ., (2293) . = 2(v5 + V3) , (2-5) _ (2-5) _ 
nt ae ~(@e-(W3) (5) = 3)" P= (V5) 
(iii). If x = V3 + 2 find — 222) 8) ce) (2 — v5) 
Solution: x = V3 + 2 A= 5 4-5 
11 _ ty va-2 _@-v3) 8) 2005 +3) , (2-5) 
V3+2 V3+2 © ¥3- 2 
-— = (2- MiGs a2 (2 - 5) 
(v3) - =2-V3+V5+V3-2+V5 
= 2Vv5 
ae Z 1 3 
Gil) Bet Baa eH 
Solution: 


= —-/34+2=2-v3 
Q#4) Simplify 
emeake 1tv2 1-2 
V5 ava t aA V3 
Solution: 


panes __2(/5 - v3) "3-)_ 
oO B= (V8) - (V3) (V3) - (V2)" 
+(e) (v5) (v2) 

V5—V3 v5+V3 = 25 5) a is 2) eth) » 
Behe v3) 9 (1 — V2)(v5 + V3) _25- ae A ‘5 a5 “5 
(5) - 03)” (5) - (8) 6 V8), WSN) BY) 


_1W5)- O09) +0905)-0D091 | eva) 43-1] — WED) 
5-3 a 7 j ‘i 
_1OO5) +03) -02)08)- CoH] | TYE YS + NS Ve VS +2 


[V5-V3+v10-V6]_ [V5+V3-v10-V6] Qi#5) 
= EO 
° ; ps = 2 ea x —~and (x — =) 


1 
And * = ai ~ 243 


a 

2-3 

Whe - V3 

_aB- NG ~ (2)? - (v3) 
— 2... 


2 
_ V5 — V3 + V10 - oe FET 


_ 2(v5 — v6) 

= 

ee v6 

(ii) ——= rates 

Ora ree Now, x — = = (2 + V3) — (2 - v3) 
Se =2+V3-2+v3 
2+V3 V5-vV3 24+V5 r-ta23 

_(_1_,2-v3) (2 v5+v3 
ater. = (eR =) Also, (x—)" = (2¥3)" =4x3=12 


(33) (i). Ifx = 2 fina x++ 5a" + and x3 $e 
x x 


+ 
2+V5 2-V5 ve ft eae 


v5+v2 °° v5-v2 


Solution: x = 
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2 
ez) (3 1 , ne oe *) : (= 1 : V3 + *) 
J) 2) Vae1 v3—1) *\Va-1* Ve 
_ (V5) + (V2) ~ 20/5) (2) = a+ 3b 
F=2 
_5+2~2vi0 Ward) | (89) peas 
; 3 (v3) - (1)2 (v3) - (1)2 
= =(7 —2V10) 
And 2 = Vet? = ey ye VB? (v3) + (1)? — 2(V3)(4) 
x vV5-V2 V5-V2 V54+v2 a 1 
(v5) — (v2) 3-1 
=a+-3b 
_ (WB) + (v2)" + 20/52) 34+1+2vV3 34+1-2V3 
5-2 —, +, = a+ v3b 
_5+2+2v10 4+2V3+4-2V3 
3 aS = a+ Vb 
=5(7 + 2vi0) 8 a4 Vb 


Now, x += => (7 — 2v10) + =(7 + 2V10) aa Fa + V5b 


1 On comparing, we get 
==(7-—2vV10+7+42V10 : 
3 ( ) a=4andb=0 


x+— 
x 
Using identity 


1°. ft 
(x +=) = gm | 2 
x x 


Putting values 


jo yOafoud Vv 


Also using the identity 
3 


1 ae 
(x +=) =x +t3(xt2 
x x 


Putting values 


(2) - 
5) > x 
=x344414 
x 
ne ee 
O58 27 
,, 1 2366 ; ; : 

J cry a Complied by Shumaila Amin 
Q#6) Determine the rational numbers a and b if, 
3-1 V3+1 _ 
Bat aa t+ V3b 
Solution: 


WU09')}ds9}0U MMM 


2744 
27 


WU0D'}dSa}JOUMO Ju! :sP ysassns 40 ye WUOD 


V3-1 vV3+1 


V3+1. V3-1— Pash 
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Class 9! 


Introduction: 
Factorization plays an important role in 
mathematics as it helps to reduce the study of 
complicated expressions to the study of simpler 
expressions. In this unit, we will deal different 
types of factorization of polynimials. 
Factorization: 
If a polynomial p(x) can be expressed as 
p(x) = g(x)h(x), then each of the polynomial 
g(x)and h(x) is called a factor of f (x). 
Factorization of the expression of the type ka + 
kb+kc. 
We will take common k from every term of the 
expression 
ka+kb+kc=k(a+b+c) 
Factorization of the type ac + ad + bc + bd 
ac+ad+bc+bd=a(c+d)+b(c+d) 
=(c+d)(a+b) 
Factorization of the type a? + 2ab + b” 
(i). a*+2ab+ b? = (a+ b)* 
=(a+b)(a+b) 
(ii). a? —2ab+b* = (a—b)? 
= (a— b)(a— b) 
Factorization of the type a? — b? 
a* — b? = (a+ b)(a— b) 
Factorization of the type a2 + 2ab + b? —c 
a? + 2ab + b* — c? = (at b)* — c? 
=(atb+c)(atb—-c) 


2 


Exercise 5.1 

Factorize.Question.1. 
(i). Zabc — 4abx + 2abd 
Solution. 

2abc — 4abx + 2abd = 2ab(c — 2x +d) 
Answer. 
(ii). 9xy — 12x7y + 18y 
Solution. 

Oxy —12x7y + 18y* = 3y(3x — 4x” + 6y) 

Answer. 
(iii). —3x?y — 3x + Oxy? 
Solution. 

—3x"y — 3x + Oxy? = -3x(y+1-3y’) 
Answer. 
(iv). 5ab2c? — 10a*b?c — 20a? bc? 
Solution. 
Sab*c? — 10a*b*c — 20a? bc* = Sabc(bc* — 
2ab* — 4a*c) 
Answer. 
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(v). 3x? y(x — 3y) — 7x*y? (x — 3y) 
Solution. 
3x3 y(x — 3y) — 7x? y* (x — 3y) 
= x*y(x — 3y)(3x — Ty) 
Answer. 


(vi). 2xy?(x? +5) + Bxy?(x? +5) 
Solution. 
2xy3(x?2 +5) + Bxy?(x? +5) = 2xy*(x2 + 
5)(y +4) 
Answer. 
Question.2. 
(i). 5ax — 3ay — 5bx + 3by 
Solution. 
5ax — 3ay — 5bx + 3by 
= a(5x — 3y) — b(Sx — 3y) 
= (5x — 3y)(a-b) 
Answer. 
(ii). 3xy + 2y — 12x —8 
Solution. 
3xy + 2y —12x —8 = y(3x + 2) —4(38x +2) 
= (3x + 2)(y- 4) 
Answer. 
(iii). x? + 3xy? — 2x*y — 6y? 
Solution. 
x3 + 3xy? — 2x*y — 6y3 
= x(x? + 3y*) — 2y(x? + 3y?) 
= (x? + 3y?)(x — 2y) 
Answer. 
(iv). (x? — y*)z + (y? — 2*)x 
Solution. 
OP =" )24 0" =2°)x 
=x*z—y*z+y*x — 27x 
=x*z+y*x—y*z—27x 
= x(xz + y*) —2(y? + xz) 
= (xz + y”)(x —z) 
Answer. 
Question.3. 
(i). 144a2 +24a4+1 
Solution. 
144a7 + 24a + 1 = (12a)? + 2(12a)(1) + (1)? 
= (12a+1) 
(i). 5-245 
Solution. 
az 
a 
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(iii).(x + y)* — 14z(x + y) +492? 
Solution. 
(x + y)* — 14z(x + y) +492? 
= (x+y)? — 2(« + y)(7z) 
+ (7z)? 
=(x+y-—7z)* 
(iv).12x? — 36x + 27 
Solution. 
12x? — 36x +27 = 3(4x* —12x+ 9) 
= 3[(2x)? — 2(2x)(3) + (3)*] 
= 3(2%=3)7 
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Question.4. 
(i). 3x2 — 75y? 
Solution. 
3x? — 75y* = 3(x* — 25y”) 
= 3[(x)* — (5y)?] 
= 3(x + 5y)(x — 5y) 
(ii). x(x — 1) —y(y— 1) 
Solution. 
x(x—1)-y(y-1) =x? -x-y*+y 
=x*-y*-x+y 
= (x+y)(x-y)-1@-y) 
=(«-y)+y—1) 
(iii).128am? — 242an? 
Solution. 


128am? — 242an? = 2a(64m? — 121n7”) 
= 2a[(8m)? — (11n)?] 
= 2a(8m + 11n)(8m — 11n) 
(iv).3x — 243x3 
Solution. 


3x — 243x3 = 3x(1 — 81x?) 
= 3x[(1)? — (9x)?] 
= 3x(1 + 9x)(1 -— 9x) 
Question.5. 
(i). x7 — y? -6y—9 
Solution. 
x* — y* —-6y—9 = x* - (y* + 6y +9) 
= x* — [(y)* + 2(y)(3) + (3)?] 
= x*—(y+3)? 
=[x+ (y+ 3)][x-&+3)] 
=(x+y+3)(x-y- 3) 
(ii). x2 —a*+2a—1 
Solution. 
x7 -—a*4+2a-—1=x? —- (a? —2a+1) 
= x* — [(a)* — 2(a)(4) + (1)?] 
= (x)? —(a-1)? 
= [x + (a-1)][x- (a-1)] 
= (x+a—1)(x-a+1) 
(iii). 4x2 — y?-2y-1 
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Solution. 
4x* —y* —-2y-1=4x7 -(y?+2y+1) 
= 4x? — [(y)? + 2(y)() + (1)?] 
= (2x)? —(y + 1)? 
= [2x+ (y+ 1)][2x- (y+ 1)] 
= (2x+ y+1)(2x—-y-1) 
(iv). x7 — y? —4x-—2y+3 
Solution. 
x* —y* —4x-2y+3 
= x*-—4x-y*-2y+3 
=x*-4x+4-y*-2y-1 
= (x7 -4x+4)-(y?+2y41) 
= [(x)? — 2(x)(2) + (2)?] 
— [(y)? + 2(y) (1) + (1)? 
= (x—2)?-(y +1)? 
=[«-2)+(v+DIl@-2)-@+t+1)] 
=(x-2A4y+1)(«%-2-y-1) 
=(x+ty—-1)(x-y~—3) 
(v). 25x2 — 10x + 1 — 3622 
Solution. 
25x* — 10x + 1 — 3627 
= [(5x)* — 2(5x)(1) + (1)7] 
— (62)? 
Bi5x +1)? — (62)? 
= (5x -—1+6z)(5x —1-5z) 
= (5x + 6z—1)(5x —5z-1) 
(vi). x2 — y* —4xz + 42? 
Solution. 
x* — y* —4xz+ 42% = x* —4xz+ 42" — y* 
= (x)* — 2(x)(z) + (22)? — y? 
= (x = 2z)? — (y)? 
=x — 22 ay) (xX —2z7—y) 
=(x+y—2z)(x-y-2z) 
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(a) Factorization of the Expression of the 
types: 
a* + a*b? + b* or a* + 4b4 
Explanation: For a* + a7b* + b* 
a‘ +a*b? + bt =a* + b* + a*b? 
= (a*)? + (b?)? + 2(a?)(b*) — 2(a?)(b*) 
+ a*b? 
= (a* + b*)? — 2a7b2 + a7b* 
= (a? + b?)? _ az b2 
= (a? + b*)* — (ab)? 
= (a* + b*? + ab)(a* + b* — ab) 
Explanation: For a* + 4b4 
a‘ + 4b* = (a*)? + (2b)? + 2(a*)(2b7) 
— 2(a*)(2b") 
= (a? + 2b’)? — 4a7b? 
= (a? + 2b’)? — (2ab) 
= (a* + 2b* + 2ab)(a* + 2b* — 2ab) 
(b) Factorization of the Expression of the 
types: 
x*+px+q 
Explanation: 
x*+pxt+q=x*+(str)x+q, 
wheres+r=pandsxr=q 
=x*4+sx+rx+sxr 
=x(x+s)+r(x+s) 
= (x+s)(x+r) 
(c) Factorization of the Expression of the 
types: 
ax? +bx+c,a#0 
ax? + bx+c=ax?+(st+r)x+C, 


s+r=bandsxXr=ac 


2 xr 
=ax*+sx+rxt 


= x(ax +s) +(x +=) 


=) 


= x(ax + s) + r( 
= x(ax +s) +“ (ax +5) 


T 
I (ax + s)(x+—) 
(d) Factorization of the Expression of the 
types: 
(i). (ax? + bx + c)(ax* + bx+d)+k 
(ii). «+ay(x+b)(x+c)(*+da)+k 
(iii). (x + a)(x + b)(x4+ c)(x + d) + kx? 
Explanation: For (ax? + bx + c)(ax? + bx + 
d)+k 
(ax* + bx +c)(ax?+bx+d)+k 
We will suppose ax? + bx = 
y ,then above becomes 
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=(yt+c\(ytd)t+k 
=y*+yd+yct+k 
=y+(d+c)y+k 
This the same type (b). 
Explanation: For (x + a)(x+ b)(x+c)(x+ 
d)+k 
(x+a)(x+b)(x+c)(x+d)+k 
We will multiply the pair for which a + b = c+ 
d, then 
= [(x+a)(x+b)][(x+c)\(x+da)|+k 
= [x2 + bx + ax + ab][x* + dx + cx + cd] 
+k 
= (x* + (b+ a)x + ab)(x? + (d+ c)x+cd) 
+k 
Asa+b=c+d,then 
= [x2 + (c+ d)x + ab][x? + (c+ d)x + cd] 
+k 
Suppose that 
x7 +(c+d)x 
= y,then above expression becomes 
=(y+ab)(y+cd)+k 
=y’+ycd+ yab+abcd+k 
=y*+(cd+ab)y+abcd+k 
This the same type (b). 
Explanation: For (ax? + bx + c)(ax? + bx + 
d) + kx? 
(x + a)(x + b)(x + c)(x + d) + kx? 
We will multiply the pair for which a + b = c+ 
d, then 
= [(x+a)(x+ b)|[(x + c)(x+ d)] + kx? 
= [x* + bx+ax+ab][x? + dx + cx + cd] 
+ kx? 
= (x* + (b+ a)x + ab)(x? + (d+ c)x + cd) 
+ kx? 
Asa+b=c+d,then 
= [x7 + (c+ d)x + abl[x? + (c+d)x + cd] 
+ kx? 
Suppose that 
x7+(c+d)x 
= y,then above expression becomes 
= (y + ab)(y + cd) + kx? 
= y* + ycd + yab + abcd + kx? 
= y? + (cd + ab)y + abcd + kx? 
After simplification it also becomes type (b). 
(e). Factorization of the Expression of the type: 
(i). a? + 3a*b + 3ab2 + b? 
(ii). a> — 3a7b + 3ab? — b 
Explanation For a? + 3a*b + 3ab’ + b? 
a? + 3a7b + 3ab* + b? = (a+ b)? 
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It’s a very famous formula. 

Explanation For a? — 3a7b + 3ab* — b? 
a? — 3a*b + 3ab2 — b® = (a—b)? 

It’s a very famous formula. 

(f). Factorization of the Expression of the type: 

(i).a? + b? 

(ii). a? — b 

We will use, well known formulas for these 

types 

(i). a? + b? = (a+ b)(a? — ab + b”) 

(ii). a> — b? = (a — b)(a* + ab + b”) 
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Exercise 5.2 


Factorize 
Question.1. 


(i).x4+5-3 


Solution. 


2_1 2_1 
= (x —sat De ae, 
(ii). 3x* + 12y* 
Solution. 


3x* + 12y* = 3(x* + 4y*) 
= 3[(x7)? + (29 ealaadae (27) 
Se) (2 
= 3[(x? + 2y?)? — 4x2y?] 
= 3[(x? + 2y’)* — (2xy)?] 
= 3(x? + 2y? + 2xy)(x? + 2y* — 2xy) 
= 3(x? + 2xy + 2y7)(x? — 2xy + 2y7) 
(iii). at + +3a7b? + 4b* 
Solution. 
a* + +3a7b? + 4b* = a* + 4b* + 3a7b? 
= (a2)? + (2b)? + 2(a2)(2b2) — 2(a2)(2b?) 
+ 3a? b? 
= (a* + 2b7)* = 4a*h? + 3a*b? 
=(a°+26°)° —a°b" 
= (@* + 2b)? = (ab)? 
= (a? + 2b? + ab)(a? + 2b? — ab) 
(iv). 4x4 + 81 
Solution. 
Ax* +81 = (2x2)? + (9)? + 2(2x2)(9) 
= 202x519) 
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= (2x? + 9)? — 36x? 
= (2x? + 9)? — (6x)? 
= (2x? + 9 + 6x)(2x* + 9 — 6x) 
= (2x? + 6x + 9)(2x* — 6x +9) 
(v). x4 +x? +25 
Solution. 
ae ote OF oe DS ae ah OG ate a 
= (x2)? + (5)? + 2(x2)(5) — 2(x2)(S) + x? 
=(4"* + 5)? — 10x" +x" 
= ("> 5)? ox" 
= (x* + 5)* —(Gx)" 
= (x7 +5 + 3x)(x? +5 — 3x) 
= (x? + 3x + 5)(x* —3x +5) 
(v).x* + 4x? + 16 
Solution. 
x* + 4x7 +16 =x4+16+ 4x? 
= (x2)? + (4)? 4 2(x2)(4) — 2(x2)(4) + 4x? 
= (x? + 4)? — 8x? + 4x? 
= (x7 +4)? — 4x? 
ax 7th) — (2x) 
= (x7 +4 + 2x)(x? + 4—- 2x) 
= (Meee 2x +4) (x? — 2x +4) 
Question.2. 
(i). x2 + 14x + 48 
Solution. 
x? 4+ 14x +48 = x2+8x4+6x4+48 
= x(x + 8) + 6(x + 8) 
= (x +8)(« + 6) 
(ii). x? — 21x + 108 
Solution. 
x? —21x +108 =x? — 12x —9x + 108 
= x(x — 12) — 9(x — 12) 
= (x — 12)(x — 9) 
(iii). x? — 11x — 42 
Solution. 
x? —11x —42 =x? —-14x4+ 3x —42 
= x(x — 14) +3(% - 14) 
= (x — 14)(« + 3) 
(iii). x? + x — 132 
Solution. 
x* +x —132 =x*+12x —11x — 132 
= x(x +12) —11(« 4+ 12) 
= (x + 12)(x -11) 
Question.3. 
(i). 4x2 +12x +5 
Solution. 
Ax? +12x+5=4x7+10x+2x4+5 
= 2x(2x +5) + 1(2x + 5) 
= (2x + 5)(2x + 1) 
(ii). 30x? + 7x —15 
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Solution. 
30x? + 7x — 15 = 30x? + 25x — 18x —15 
= 5x(6x + 5) — 3(6x + 5) 
= (6x + 5)(5x — 3) 
(iii). 24x? — 65x + 21 
Solution. 
24x? — 65x + 21 = 24x” — 56x —9x + 21 
= 8x(3x — 7) — 3(3x — 7) 
= (3x — 7)(8x — 3) 
(iv). 5x? — 16x — 21 
Solution. 
5x? — 16x — 21 = 5x? -—21x+5x-21 
= x(5x — 21) + 1(5x — 21) 
= (5x — 21)(« +1) 
(v). 4x2 —17xy + 4y? 
Solution. 
4x? —17xy + 4y? = 4x? — 16xy — xy + 4y? 
= 4x(x — 4y) —y(x - 4y) 
= (x — 4y)(4x — y) 
(vi). 3x* — 38xy - 13y? 
Solution. 
3x? — 38xy — 13y? 
= 3x? — 39xy + xy —13y? 
= 3x(x — 13y) + ya — 13y) 
= (x — 13y)Gx + y) 


(vii). 5x? + 33xy — 14y? 
Solution. 


5x? + 33xy — 14y? 
= 5x? + 35xy — 2xy — 14y? 
= 5x(x + 7y) — 2y(x« + Ty) 
= (x + 7y)(5x — 2y) 
= i 1 
(viii). (sx -<) + 4 (Sx -+) +4,x+#0. 


Solution. 
2 


1 1 
(sx-=) +4(5x-=)+4 
x x 


Suppose that 5x--=y 
i 1 ; 
(sx -=) +4(5x-=)+4=y tay +4 
=y*+2y+2y+4 
=y(v+2)+2y +2) 
= (y+ 2)(7 +2) 
= (y + 2)? 


1 
= (sx Soe 2) 
x 
Question.4 


(i). (x? + 5x + 4)(x* + 5x + 6) -—3 
Solution. 

(x? ++ 5x +4)(x?+5x +6) -3 
Suppose that x? + 5x = y 


2 
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=(y+ 4) + 6) -3 
=y*+6y+4y+24-3 
= y2+10y +21 
=y*+7y+3y+21 
=yy +7) +30 +7) 
=(y+ 7) + 3) 
= (x7 + 5x 4+ 7)(x? + 5x + 3) 
(ii). (x? — 4x)(x? — 4x — 1) — 20 
Solution. 
(x? — 4x)(x? — 4x — 1) — 20 
Suppose that x* — 4x = y 
= (0-1) - 20 
=y’—y-20 
= y?—5y+4y-—20 
= yy -5) +4 —5) 
=(y-5)y +4) 
= (x? — 4x — 5)(x? — 4x + 4) 
= (x? — 5x +x—5)(x? — 2x —2x +4) 
= [x(x — 5) + 1(x — 5) [x(x — 2) —2(« - 2)] 
= (x —5)(x« +1) — 2)(x - 2) 
Sie— 5) 04 FA) (x — 2) 
(iii). (¢ + 2)(x + 3)(x+4)(«+5)-—15 
Solution. 
(x + 2)(x+3)(%4+4)@4+5)-15 
= (x+2)(«+5)(%4+3)(*+4) 
—15 
= (x7 + 5x + 2x + 10)(x? + 4x + 3x + 12) 
—15 
= (x? + 7x + 10)(x? + 7x +12) -—15 
Suppose that x2 + 7x = y 
=(y+10)(+12)-15 
=y?+12y+10y+120-15 
= y2 + 22y +105 
=y?4+15y+7y+105 
=y (yy 45) + 7(y + 15) 
= (y+ 15)(y +7) 
(x? + 7x +15)(x? + 7x +7) 
(iv). (¢ + 4) (x — 5)(x + 6)(x — 7) — 504 
Solution. 
(x + 4)(x — 5)(x« + 6)(x — 7) — 504 
(x+2)(x+5)(%+3)%4+4)-1 
= (x + 4)(x —5)(« + 6) (x — 7) 
— 504 
= (x* — 5x + 4x — 20)(x? — 7x + 6x — 42) 
— 504 
= (x? — x — 20)(x* — x — 42) — 504 
Suppose that x* -x =y 
= (y — 20)(y — 42) — 504 
= y? — 42y — 20y + 840 — 504 
= y” — 62y + 336 
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= y* — 56y — 6y + 336 
= y(y — 56) — 6(y — 56) 
= (y — 56)(y — 6) 
= (x* — x — 56)(x* —x — 6) 
= (x* — 8x + 7x — 56)(x* — 3x + 2x — 6) 
[x(x — 8) + 7(x — 9) | [x — 3) + 2(x — 3)] 
= (x -—9)(x + 7)(x —3)(* + 2) 
(v). (x + 1)(x% + 2)(x + 3)(x + 6) — 3x? 
Solution. 
(x +1)(x + 2)(x + 3)(x + 6) — 3x? 
= (x+1)(«+6)(~+2)(*« + 3) 
— 3x? 
= (x7 +6x+x+6)(x? + 3x + 2x + 6) — 3x? 
= (x? + 7x + 6)(x* + 5x +6) — 3x? 
= (x? +64 7x)(x* + 6+ 5x) — 3x? 
Suppose that x7 +6=y 
= (y+ 7x)(y + 5x) — 3x? 
= y* + 5xy + 7xy + 35x? — 3x? 
= y* + 12xy + 32x? 
= y* + 8xy + 4xy + 32x? 
= y(y + 8x) + 4x(y + 8x) 
= (y + 8x)(y + 4x) 
= (x* + 6+ 8x)(x* +6+4 4x) 
= (x? + Bx + 6)(x* + 4x + 6) 
Question.5. 
(i). x? + 48x — 12x? — 64 
Solution. 
x3 + 48x — 12x? — 64 
= x3 — 12x? + 48x — 64 
= (x)? — 3(x)*(4) + 3(x)(4)?= (4)? 
= (ie 4)° 
(ii). 8x3 + 60x? + 150x +125 
Solution. 
8x? + 60x? + 150x +125 
= 8x? + 60x? + 150x +53 
= (2x)3 + 3(2x)?(Saes eae Sat (BY 
= Qx+5)° 
(iii). x? — 18x? + 108x — 216 
Solution. 
x? — 18x? + 108x — 216 
= x3? — 18x? + 108x — 6? 
= (x)* — 3(x)*(6) + 3(x)(6)* 
4G)? 
= (x — 6)° 
(iv). 8x3 — 125y? — 60x?y + 150xy* 
Solution. 
8x3 — 125y? — 60x*y + 150xy? 
= 8x3 — 60x*y + 150xy? 
— 125y? 
= (2x)° ~3(2x)* (Sy) + 3(2x)(5y)° = (Gy)? 
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= (2x — 5y)? 
Question.6. 
(i). 27 + 8x? 
Solution. 
27 + 8x? = (3)? + (2x)? 
= (3 + 2x)[(3)* — (3)(@x) + (2x)7] 
= (3+ 2x)(9 — 6x + 4x7) 
= (2x + 3)(4x? — 6x 4+ 9) 
(ii). 125x° — 216y? 
Solution. 
125x3 — 216y? = (5x)? — (6y)? 
= (5x — 6y)[(5x)* + (5x) (6y) + (6y)7] 
= (5x — 6y)(25x? + 30xy + 36y7) 
(iii). 64x? + 27y3 
Solution. 
64x3 + 27y? = (4x)? + (3y)? 
= (4x + 3y)[(4x)* — (4x) (3y) + By)?] 
= (4x + 3y)(16x? — 12xy + 9y?) 
(iv). 8x3 + 125y3 
Solution. 
8x3 + 125y? = (2x)3 + (Sy) 
= (2x + 5y)[(2x)* — (2x)(Sy) + (5y)?] 
= (2x + 5y)(4x? — 10xy + 25y7) 
Remainder Theorem and Factor Theorem: 
Remainder Theorem: 
If a polynomial p(x) is divided by a linear divisor 
(x — a), then 
the remainder is p(a). 
Zero of a Polynomial: 
If a specific number x = a is substituted for the 
variable x ina 
polynomial p(x) so that the value p(a) is zero, 
then x = ais called a zero 
of the polynomial p(x). 
Factor Theorem: 
The polynomial (x — a) is a factor of the 
polynomial p(x) if and 
only if p(a) = 0. 


Exercise 5.3 


Question.1. Use the remainder theorem to find 
the remainder when 

(i). 3x3 — 10x? + 13x — 

6 is divided by (x — 2) 

Solution. 

Suppose that p(x) = 3x? — 10x? + 13x — 

6 and 
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Then 
Remainder = p(2) 
= 3(2)3 — 10(2)? + 13(2) —6 
Remainder = 3(8) — 10(4) + 26-6 
= 24—40+ 20 
= 44 — 40 
= 4 
Hence required Remainder is 4. 
(ii). 4x3 —4x +3 is divided by (2x — 1) 
Solution. 
Suppose that p(x) = 4x3 — 4x +3 and 
2x—-—1=0 
2x=1 


Then 


Remainder = p ( 


1 
Remainder = 4( 


Hence required Remainder is _ 
(iii). 6x4 + 2x3 —x+2 is divided by (x +2) 
Solution. 
Suppose that p(x) = 6x* + 2x3 -x+2and 

x+2=0 

x =s— 2. 
Then 
Remainder = p(—2) 
= 6(—2)* + 2(-2)3 - (—2) +2 
Remainder = 6(16) + 2(—8) +2 +2 
= 96-16+4 
= 100 — 16 
= 84 

Hence required Remainder is 84. 
(iv). (2x — 1)? + 6(3 + 4x)? — 
10 is divided by (2x + 1) 
Solution. 
Suppose that p(x) = (2x —1)?+ 6(3 + 
4x)* —10 and 

2x+1=0 

2x=-1 


41 
v9 
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Remainder = (—1 — 1)? + 6(3 — 2)? — 10 
= (—2)3 + 6(1)? — 10 
=-8+6-10 
= 6-18 
= —-12 
Hence required Remainder is —12. 
(v). x3? — 3x2 +4x—-14 is divided by (x + 
2) 
Solution. 
Suppose that p(x) = x? — 3x7 +4x-14and 
x+2=0 
x=-2 
Then 
Remainder = p(-2) 
= (—2)? — 3(-2)* + 4(—2) 
—14 
Remainder = —8 — 3(4) —- 8-14 
=-8-12-8-14 
= —42 
Hence required Remainder is —42. 
Question.2. 
(i). If (x + 2) is a factor of x? — 4kx — 4k? , then 
find the value(s) of k. 
Solution. 
Suppose 
p(x) = 3x? — 4kx — 4k? 
And x+2=0 
x= —2. 
Since (x + 2) is factor of the polynomial p(x), So 
p(a) =0 
3(—2)? — 4k(—2) — 4k? =0 
3(4) + 8k —4k2 =0 
12+ 8k —4k* =0 
4k? —-8k —12 =0 
4(k? — 2k —3) =0 
k? -2k-—3=0 
k?-3k+k-—-3=0 
k(k —3)+1(k -—3) =0 
(k —3)(k+1) =0 
k-3=0, k+1=0 
k=2 , f==—1. 
(ii). If (« — 1) is a factor of x? — kx? + 11x -6, 
then find the value(s) of k. 
Solution. 
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Suppose 
p(x) = x? —kx* + 11x -6 
x-1=0 
x=1. 
Since (x — 1) is factor of the polynomial p(x), So 
p(1) = 0 
(1)3 — k(1)? + 11(1) -6 = 0 
1—k+11-6=0 
6—k=0 
k=6. 


And 


Question.3. 
Without actual long division determine whether 
(i). (@ — 2)and (x — 3) are factors of p(x) = 
x3 —12x* + 44x — 48. 
Solution. 
Suppose that 

p(x) = x? —12x? + 44x — 48 
x-2=0, x-3=0 

x=2, x=3 
Remainder for x — 2 is 

p(2) = (2)3 — 12(2)? + 44(2) — 48 
= 8 —12(4) + 88-48 
= 8— 48+ 88 — 48 
= 96 — 96 
=0 
Hence (x — 2)is the factor of p(x). 
Remainder for x — 3 is 
p(3) = (3) — 12(3)? + 44(3) — 48 
= 27 —12@) + 1325 48 
= 27-1084 132 —48 
= 159 — 156 
= Bead 

Hence (x — 3)is not factor of p(x). 
Question.4. 
For what value of m is the polynomial p(x) = 
4x3 — 7x* + 6x — 3m exactly divisible by 
(x + 2)? 
Solution. 
Suppose that 

p(x) = 4x3 — 7x* + 6x —3m 
x+2=0 


And 


And 
x= -2. 
Remainder for x + 2 is 
p(—2) = 4(—2)? — 7(—2)? + 6(—2) — 3m 
= 4(-8) — 7(4) -12 —3m 
= —32-—28-—12-—3m 
= —72—3m 
For the given condition p(—2) = 0 
—72—3m=0 
—3m = 72 
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Question.5. 
Determine the value of k if p(x) = kx? + 4x? + 
3x —4and 
q(x) = x? — 4x + k leaves the same remainder 
when divided by (x — 3). 
Solution. 
Let p(x) = kx? + 4x2 4+3x-4. 
By remainder theorem, p(x) is divided by (x — 3) 
, then remainder is 
p(3) = k(3)? + 4(3)? + 3(3) -— 4 
p(3) = k(27) + 4(9) +9 -4 
p(3) = 27k + 364+5 
p(3) = 27k +41 
Also by remainder theorem, q(x) is divided by 
(x — 3), then remainder is 
q(3) = (3)? — 43) +k 
q(3)2 2A-12+k 
q(3) =15+k 
By Given Condition, we have 
p(3) = q(3) 
27k+41=15+k 
27k —k=15-41 
26k = —26 
k=-1. 
Question.6. 
The remainder after dividing the polynomial 
p(x) = x? + ax* + 7 by (x + 1) is 2D. Calculate 
the value of a and b if this expression leaves a 
remainder of (b + 5) on being divided by (x — 2). 
Solution. 
Let p(x) = x? + ax* +7 by (x +1). 
By remainder theorem, p(x) is divided by (x + 1) 
, then remainder is 2b 
p(—1) = 2b 
(-1)? + a(—1)? +7 = 2b 
—-1+a+7=2b 
a+6=2b 
a=2b-—6---(i) 
By remainder theorem, p(x) is divided by (x — 2) 
, then remainder isb+5 
p(2)=b+5 
(2)? +. a(2)*?+7=b+5 
8+a(4)+7=b+4+5 
4a+15=b+5 
4a = b — 10 — — - (ii) 
Using (i) in (ii), we have 
4(2b — 6) = b-—10 
8b —24=b-—10 
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8b —b=—10 + 24 


Using b = 2 in (ii), we have 
4a=2-10 

4a = -8 

8 


| 


a=-2 
Hence a = —2 and b = 2. 
Question.7. 
The polynomial x? + lx? + mx + 24 has a factor 
(x + 4) and it leaves a remainder of 36 when 
divided by (x — 2). Find the values of l and m. 
Solution. 
Let p(x) = x3 + Ix? + mx + 24. 
By remainder theorem, p(x) is divided by (x + 4) 
, then remainder is 0. 
p(-4) = 0 
(—4)? + l(—4)? + m(—4) + 24 = 0 
—64+161-—4m+24=0 
161 —4m — 40 = 0 
4(41-—m-— 10) =0 
41—m-—10=0 
4l1—m=10---—(i). 
By remainder theorem, p(x) is divided by (x — 2) 
, then remainder is 36. 
p(2) = 36 
(2)? + 1(2)? + m(2) + 24 = 36 
8+ 41 +2m+ 24 = 36 
41+ 2m+ 32 = 36 
41+ 2m = 36 — 32 
4l+2m=4 
2(2l1 +m) =4 


Sagan" 
ae 


2l+m=2-—-— — (ii) 
Using (i) in (ii), we have 
4l1—m=10 


2l+m=2 


6l = 12 

12 

ia 

l=2. 

Using l = 2 in (ii), we have 
2(2)+m=2 
4+m=2 
m=2-4 
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m= -2. 
Hencel = 2andm = —2. 
Question.8. 
The expression lx? + mx? — 4 leaves remainder 
—3 and 12 respectively when divided by the 
(x — 1)and (x + 2) respectively. Calculate the 
values of l and m. 
Solution. 
Let p(x) = Ix? + mx? — 4. 
By remainder theorem, p(x) is divided by (x — 1) 
, then remainder is 0. 
p(1) = -3 
1(1)? + m(1)? — 4 = -3 
l+m=-3+4 
l+m=1 
Y/1-—-m-——-—(i) 
By remainder theorem, p(x) is divided by (x + 2) 
, then remainder is 12. 
p(—2) = 12 
1(—2)? + m(—2)? —4 = 12 
—81+4m-—4=12 
—81+4m=12+4 
—81+ 4m = 16 
4(—21+m) = 16 
16 
—2l+m= A. 
—2l+m=4--- (ii) 
Using (i) in (ii), we have 
—2(1-—m)+m=4 
—2+2m+m=4 


Using value of m in (ii), we have 
—21+2=4 
—21=4-2 

—21=2 

2 


eS 


l=-1. 
Hence l = —1landm = 2. 
Question.9. 
The expression ax? — 9x? + bx + 3a is exactly 
divisible by x* — 5x + 6. Find the values of 
aand b. 
Solution. 
Let p(x) = ax? — 9x? + bx + 3a 
As 
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x?-—5x+6=0 
x? —3x-2x+6=0 
x(x — 3) —2(x-—3) =0 
(x —3)(x —2) =0 
x-3=0,x-2=0 
By remainder theorem, p(x) is divided by (x — 3) 
, then remainder is 0. 
p(3) = 0 
a(3)? — 9(3)* + b(3) + 3a = 0 
27a —81+3b+3a=0 
30a + 3b = 81 — — - (i) 
By remainder theorem, p(x) is divided by (x — 2) 
, then remainder is 0. 
p(2) = 0 
a(2)? — 9(2)? + b(2) + 3a =0 
8a — 36+ 2b+ 3a=0 
11a + 2b = 3665 (ii) 
Multiply equation (i) by 2 and equation (ii) by 3, 
then subtracting eq. (ii) from (i), we have 
60a + 6b = 162 
+33a + 6b = +108 


27a = 54 
a=2 
Put a = 2 ineg. (i), we get 
30(2) + 3b = 81 
60 + 3b = 81 
3b = 81-60 
3H 21 
ii 7 
Hence a = 2 and b =7. 
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Let 

Gg Pg OO ag OO cori a 
An, 

Be a polynomial equation of degree n with 


integral coefficients . If = is a rational root of the 


equation, then p is a factor of the constant term a, 
and q is the factor of leading coefficient ag. 


EXERCISE# 5.4 


Factorize each of the following cubic 
polynomials by factor theorem. 
Q#1) x? — 2x7-x+2 
Solution: Let P(x) = x? — 2x? —x + 2...(1) 
Here, the constant term is 2 and factors of 
constant terms are +1, +2, +4.,... 
Therefore, we check +1, +2, +4 for the roots. 
Now, put x = 1 in (1), we have 
P(1) = (1)? — 2(1)? - (1) +2 
P(1) =1-—2-1+2 
P(1) =0 
Hence, x = 1 is the root of P(x), therefore (x — 
1) is the factor of P(x). 
Now, put x = 2 in (1), we have 
P(2) = (2)? — 2(2)* -(2) +2 
P(2) =8-8-2+2 
P(2) =0 
Hence, x = 2 is the root of P(x), therefore (x — 
2) is the factor of P(x). 
Now, put x = —1 in (1), we have 
P(-1) = (-1)? — 2(-1)? — (-1) +2 
P(-1) = -1-2+1+2 
P(-1) =0 
Hence, x = —1 is the root of P(x), therefore 
(x — (-1)) = (x + 1) is the factor of P(x). 
This 2@) = & Sy — 2)(x + 1) 
Q#2) x? — x7 — 22x+ 40 
Solution: Let P(x) = x? — x? — 22x + 40...(1) 
Here, the constant term is 40 and factors of 
constant terms are +1,+2,+4,+5... 
Therefore, we check +1, +2, +4, +5 for the roots. 
Now, put x = 1 in (1), we have 
P(1) = (1)? — (1)? — 22(1) + 40 
P(1) =1-—1-22+40 
P(1) =18 #0 
Hence, x = 1 is the not the root of P(x), 
Now, put x = 2 in (1), we have 
P(2) = (2)? — (2)? — 22(2) + 40 
P(2) =8-—4-44+4 40 
P(2) = 48-48 =0 
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Hence, x = 2 is the root of P(x), therefore (x — 
2) is the factor of P(x). 

Now, put x = 4 in (1), we have 

P(4) = (4)? — (4)? — 22(4) + 40 

P(4) = 64-16- 88+ 40 

P(4) = 104-104 =0 

Hence, x = 4 is the root of P(x), therefore (x — 
1) is the factor of P(x). 

Now, put x = —5 in (1), we have 

P(-5) = (—5 )? — (—5 )*? — 22(-5 ) + 40 
P(-—5) = -—125-—25+110+ 40 

P(-—5 ) = 150 —150 = 0 

Hence, x = —5 is the root of P(x), therefore 
(a —(-5 )) = (x + 5) is the factor of P(x). 
Thus, P(x) = (x -2)(x -Dx+H 

Q#3) x3 — 6x7 + 3x+ 10 

Solution: Let P(x) = x? — 6x? + 3x + 10...(1) 
Here, the constant term is 10 and factors of 
constant terms are +1,+2,+4,+5... 

Therefore, we check +1, +2, +4, +5 for the roots. 
Now, put x = —1 in (1), we have 

P(—1) = (-1)? — 6(-1)? + 3(-1) + 10 
P(-—1) = -1-—6-—3+10 

P(-1) =0 

Hence, x = —1 is the root of P(x), therefore 
(x— 1) = (x +1) is the factor of P(x). 

Now, put x = 2 in (1), we have 

P(2) = (2)? — 6(2)* + 3(2) +10 

P(2) =8-—24+6+10 

P(2) = 24-—24=0 

Hence, x = 2 is the root of P(x), therefore (x — 
2) is the factor of P(x). 

Now, put x = 5 in (1), we have 

P(5) = (5)? — 6(5)? + 3(5) + 10 

P(5) = 125 — 6(25) +415 440 

P(5) = 125—150+25=0 

Hence, x = 5 is the root of P(x), therefore (x — 
5) is the factor of P(x). 

Thus, P(x) = (x +1)(% — 2)(x -—5) 

Q#4) x3 + x7 -10x+ 8 

Solution: Let P(x) = x? + x* — 10x + 8...(1) 
Here, the constant term is 8 and factors of 
constant terms are +1,+2, +4.,... 

Therefore, we check +1, +2, +4 for the roots. 
Now, put x = 1 in (1), we have 

P(1) = (1)? + (4)? - 10(1) + 8 

P(1) =1+1-10+8 

P(1) =10-10=0 

Hence, x = 1 is the root of P(x), therefore (x — 
1) is the factor of P(x). 

Now, put x = 2 in (1), we have 
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P(2) = (2)? + (2)? — 10(2) +8 
P(2)=8+4-20+8 
P(2) = 20-20 

Hence, x = 2 is the root of P(x), therefore (x — 
2) is also a factor of P(x). 
Now, put x = —4 in (1), we have 
P(-4) = (—4)? + (-4)? - 10(-4) + 8 
P(—4) = —644+ 16+ 40+8 
P(-—4) = -—64+ 64=0 
Hence, x = —4 is the root of P(x), therefore 
(x — (-4)) = (x + 4) is the factor of P(x). 
Thus, P(x) = (x —1)(x —2)(x + 4) 
Q#5) x? — 2x7 -5x+6 
Solution: Let P(x) = x? — 2x? — 5x + 6...(1) 
Here, the constant term is 2 and factors of 
constant terms are +1,+2, +3,... 
Therefore, we check +1, +2, +3 for the roots. 
Now, put x = 1 in (1), we have 
P(1) = (1)? — 201)? -5(1) +6 
P(1)=1-2-5+6 
Pl) = 72a) 
Hence, x = 1 is the root of P(x), therefore (x — 
1) is the factor of P(x). 
Now, put x = 3 in (1), we have 
P(3) = (3)? — 2(3)* — 5(3) +6 
P(2) = 27 —2(Q) — 15+ 6 
P(2) = 27-18-—15+6 = 33 —-33 =0 
Hence, x = 3 is the root of P(x), therefore (x — 
3) is the factor of P(x). 
Now, put x = —2 in (1), we have 

P(—2) = (—2)? — 2(—2)? — 5(—2) + 6 
P(—2) = -8—2(4)4 10+ 6 
P(—2) = -8-—8+10+6=-16+16=0 
Hence, x = —2 is the root of P(x), therefore 
(x — (-2)) = (x + 2) is the factor of P(x). 
Ans? FA % )e Fea Keer EI: — 3)(x + 2) 
Q#6) x? + 5x? — 2x -— 24 
Solution: Let P(x) = x? + 5x? — 2x — 24...(1) 
Here, the constant term is 24 and factors of 
constant terms are +1, +2, +4.,... 
Therefore, we check +1, +2, +4 for the roots. 
Now, put x = 2 in (1), we have 
P(2) = (2)? + 5(2)? — 2(2) — 24 
P(2) =8+5(4) —4- 24 
P(2) =8+20-—4-—24=28-28=0 
Hence, x = 2 is the root of P(x), therefore (x — 
2) is the factor of P(x). 
Now, put x = —3 in (1), we have 
P(-3) = (-3 )? + 5(—3 )? — 2(-3) — 24 
P(-—3 ) = —27+ 5(9) +6 — 24 
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P(-3 ) = -27+45+6-24=51-—51=0 
Hence, x = —3 is the root of P(x), therefore 
(x + 3) is the factor of P(x). 

Now, put x = —4 in (1), we have 

P(—4) = (-4)? + 5(—4)? — 2(-4) — 24 
P(-—4) = —64+ 5(16) + 8 — 24 

P(-4) = -—64+ 80+ 8 — 24 = 88 — 88 = 0 
Hence, x = —4 is the root of P(x), therefore 
(x — (-4)) = (x + 4) is the factor of P(x). 
Thus, P(x) = (x — 2)(x + 3)(x +4) 

Q#H7) 3x3 — x2 -12x+4 

Solution: Let P(x) = 3x? — x? — 12x + 4...(1) 
Here, the constant term is 4 and factors of 
constant terms are +1,+2, +4.,... 

Therefore, we check +1, +2, +4 for the roots. 
Now, put x = 2 in (1), we have 

P(2) = 3(2)? — (2)? —12(2) + 4 

P(2) = 3(8) —-4-—24+4 

P(2) = 24-4-244+4=0 

Hence, x = 2 is the root of P(x), therefore (x — 
2) is the factor of P(x). 

Now, put x = —2 in (1), we have 

P(—2) = 3(—2)? — (—2)? — 12(—2) + 4 
P(-—2) = 3(-8) —-44+ 24+4 

P(-—2) = -—24-4424+4=0 

Hence, x = —2 is the root of P(x), therefore 
(a — (—2)) = (x + 2) is the factor of P(x). 


Since the leading co-efficient is 3, therefore we 
1 


1 

also check at x = . and x = — z 
; 1 
First we check at x = a 
3 2 


r=) -@ Qs 
r()=aG)-(@)-4 


oe 44+4=0 
9 9 7 


Hence, x = is the root of P(x), therefore 

(x = =) = 0 gives that (3x — 1) is the factor of 
P(x). 

Thus, P(x) = (x — 2)(« + 2)(8x — 1) 

Q#8) 2x? + x7-2x-1 

Solution: Let P(x) = 2x? + x? — 2x — 1...(1) 
Here, the constant term is 1 and factors of 
constant terms are +1. 

Therefore, we check +1 for the roots. 

Now, put x = 1 in (1), we have 

P(1) = 2(1)? + (1)? — 2(1) -1 

P(14) =2+1-2-1 

P(1) =3-3=0 
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Hence, x = 1 is the root of P(x), therefore (x — 
1) is the factor of P(x). 

Now, put x = —1 in (1), we have 

P(-1) = 2(-1)? + (-1)? — 2(-1) - 1 

P( 1) S=2 4142-1 

P(-1) = -3+3=0 

Hence, x = —1 is the root of P(x), therefore 

( — (-1)) = (x + 1) is the factor of P(x). 
Since the leading co-efficient is 2, therefore we 


1 al 

check x = — 5 and x =5 

e 1 

First we check at x = — . 
1 


i: 
Hence, x = — 5 is the root of P(x), therefore 


(x + -) = 0 gives that (2x + 1) is the factor of 


Px). 
Thus, P(x) = (« — 1)(« + 1)(2x + 1) 


jo yealoud Vv 
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Radical Equation 
When the variable in an equation occurs under a 
radical, the equation is called a radical equation. 
For example, 

v¥x—3-7=0 
Linear Equation 
A linear equation in one unknown variable x is an 
equation of the form ax + b = 0, where a,b € 
Randa # 0 
A solution to a linear equation is any replacement 
or substitution for the variable x that makes the 
statement true. Two linear equations are said to be 
equivalent if they have exactly the same solution. 
For example,x +1=0, 2x+5=-1 


EXERCISE 7.1 


Q#1) Solve the following equations. 
i eee 
i). 5X — 5X HKte 
Solution: As given =x = =x =x+ - 
Multiply by 6(LCM) on both sides 
2 1 1 
6X=x-6X-x =6X 6X= 
3 x 5 x x + G 


4x —3x =6x4+1 


5) 
15 


—1 = —1(which is true) 
Since x = -= satisfy the given equation, 


therefore, the solution set is {- =} ie. S.S = {- =} 


se XS x-2 
(ii). =- a 1 
xX=2Z 


Solution: As given—— arte —1 
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Multiply by 6(LCM) on both sides 
x= 3 x=2 
6x ( 3 )-6x/ 5 ) =6x 1) 
2(x —3) —3(x-—2) = -6 
2x —-6—3x+6=-—6 
—x =—-6 
x=6 


(6)-3 (6)-2 _ 
3 2° 
a 1 
ras 

—-2=-1 

—1 = —1 (which is true) 


Since x = 6 satisfy the given equation, therefore, 
the solution set is {6} i.e. S.S = {6} 


ti 8(r—$) += E4329) 


3 
3 
1 


Solution: 


Multiply by 12(LCM) on both sides 


12x (2x) —12(= 
x (5+) - 12 (3) 


+12 (5) 12 (2) +12 (-) 12 x (x) 
x{-|]= x{l— Xx{-l— x 
3 B a ‘ 
6x—-1+8=10+2-12x 
6x+7=12-12x 


6x+12x =12-—7 


36. 12'3 66 
Multiply by 36(LCM) on both sides 


36 x (=) -36x(= 
* (a9) 8°) 


163 @) = ax @) +96 (2) -265(§) 
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5—3+24=30+6-10 
—3+ 29 = 36-10 
26 = 26 (which is true) 
Since x = -. satisfy the given equation, therefore, 
5 


the solution set is {=} ie. S.S = {=} 


Chapter 7 


, 1 a. 
(iv). x +5 = 2(x-2) — 6x 
Solution: As given x + - =2 (x = =) — 6x 


a a 2 : 6 
X+3= 2x—Z- 6x 
Multiply by 3(LCM) on both sides 


3x (x) +3x(5) 


= 3 x (2x) 3x (5) ~ 3x x) 


3x+1=6x-—4-18x 
3x+1=-4-12x 


Multiply by 3(LCM) on both sides 
—-1+1=-2-4+6 
0 = 0 (which is true) 


: A : : 
Since x = — a satisfy the given equation, 


therefore, the solution set is {- =} Le. S.S = {- =} 


5(x-3) 


(v) = -x=1-5 


5(x-3) 


Solution: As given —~x=1- - 


Multiply by 18 (LCM) on both sides 
5(x — 3) 
18 x Aa) — 18 x (x) 
x 
= 18 x (1) - 18 x (5) 

3(5x — 15) —18x = 18 — 2x 

15x — 45 — 18x = 18 — 2x 
—45 — 3x = 18 — 2x 
—3x + 2x =18+45 
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—x = 63 
x = —63 


ee a 


x 
6 9 


Put x = —63 
5(-—63 — 3) (—63) 
————_ — (- 63) = 1 - —— 
6 ( ) 9 
5(—66) 63 
+63 =1+ 7 
—55+63=1+7 
8 = 8 (which is true) 
Since x = —63 satisfy the given equation, 
therefore, the solution set is {—63} i.e. S.S = 
{-63} 
4 24 Shy 2 
(vi). a, 2 fe? x#2 


Solution: As given —— = 2 
3x-6 


f Bx — 2) — 2x 


x(x — 2) = —4(3x — 6) 
x? — 2x =—-12x +24 
x? — 2x +12x —-24=0 
Xie 2) tealk2(x — 2) =0 
(x — 2)(x +12) =0 
That is x = 2,—12 
Since it is given that x # 2, therefore, we ignore 
x = 2 and just check x = —12 for the solution 
Sot. 
Check: 
x 
3x —6 
Put x = —12 
(-12) 
3(-12)-6 


2(—12) 
(Ay =2 


2.2 ed 
5 (which is true) 


Since x = —12 satisfy the given equation, 
therefore, the solution set is {-12} i.e. S.S = 


{-12} 
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_ 2 5 
2x+5 3 ae 


Solution: As given —~ = - — —— 
2x+5 3 4x+10 


2X 2(4x +10) —15 
2x+5 3(4x +10) 
2x 8x +20-—15 
te+5 dox+30 
2x 8x+5 
eee 102 30 
2x(12x + 30) = (8x + 5)(2x+4+ 5) 
24x? + 60x = 16x? + 40x + 10x + 25 
24x? + 60x = 16x* +50x + 25 
24x* + 60x — 16x? — 50x —25=0 
8x? +10x —25 =0 
8x? + 20x —10x — 25 =0 
4x(2x + 5) — 5(2% +75). = 0 
(2x + 5)(4x 5) =0 


5 
That is x = =e 
2’4 


(vii). 


. ak. as 5 ; 
Since it is given that x # — a therefore, we ignore 


x=- : and just check x = for the solution set. 
Check: 
2x 2 5x 
2x+5 3 4x+10 


i i ae 
a (which is true) 


; 5 . . ; 
Since x = . satisfy the given equation, therefore, 
: . (5). 5 
the solution set is i Z ie. S.S = {=} 
ses, 2X 1 
(viii), =~ +2 =° + = ag 1 


Solution: As given —~ + + = 24 
x-1 3 6 x-1 


2x 1 5 2 


a1 6 al 
3(2x)+(«-1) 5@-1)+2(6) 
3(x-1) }~=— 6(x-1) 
6x+x—-1 5x—-5+4+12 
3(x-1)  }~=6(x-1) 
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ix 1 oy ia mad 
3(x-1) 6(x-1) 
(7x — 1)6(x — 1) = 3(%@ —- 1)(5x + 7) 
6(7x — 1)(« — 1) — 3(@—1)(5x +7) =0 
3(x — 1)[2(7x — 1) — (5x + 7)] =0 
3(x —1)(14% —-2-—5x -—7) =0 
3(x — 1)(9x —9) =0 
3(x —1)9( -—1) =0 
27(x — 1)? =0 
Which implies that 
(x —1) = 0 gives that x = 1 which is not 
possible (given x # 1) 
Na the solution set is {} i.e. S.S = {} 
(ix). = 3 —- 
Solution: As given — 
2 
(x+ 1-1) 
2-(x-1) 
(x+D(x-1) x+1 
Z— x I 1 
(x+D(x-1) x41 
3-x% 1 
(w+ D(x-1) x41 
(3 —x)(x+1) =(&+4+1)(x-1) 
(3 —x)(x+1)-(+1)(x-1) =0 
(x +CS —ia — (x — 1)] = 0 
(diet) (3 eae — x +1) =0 
(x + 1)(4-— 2x) =0 
That is x = —1,2 
Since it is given that x # +1, therefore, we ignore 


x = —1 and just check x = 2 for the solution set. 
Check: 


Putx =2 
2 


(22 =1 Qy+1 


—@)+1— 
is 


4-1 3 
2 t.. 4 


as 2 3 
- (which is true) 
Since x = 2 satisfy the given equation, therefore, 
the sa setis {2} ie. S.S = {2} 


1 1 
(x). ae 6 ee —2 
1 1 


; 2 
Solution: As given — = — — —— 
3x+6 6 2x+4 


2  _1(2x+4)-6 
3x+6 6(2x+4) 
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a. ooh Pa 5 Since x = 0 satisfy the given equation, therefore, 
3x+6 6(2x+4) the solution set is {0} i.e. S.S = {0} 
2 _ 2x2 (ii). V2x —-4-2=0 
3x+6 6(2x + 4) Solution: As given V2x — 4-2 =0 
ak ee Cem Vix—4 =2 
3(x a i Taking cube on both sides 
= ; : 
B(x +2) 6(% +2) (Wax — 4) = (2)° 
12(x + 2) = 3(x +2)(x-1) 2x—-4=8 
12(x + 2) —3(x+2)(x-1) =0 2x=8+4 
24212 
3(x + 2)[4—x+1)] =0 x= 6 
3(x+2)(5-—x) =0 : 
That is x = —2,5 v2x —4—2=0 
Since it is given that x # —2, therefore, we ignore 
x = —2 and just check x = 5 for the solution set. ¥2(6) -4-2=0 
Check: Aaa —4-—-2=0 
V8—2=0 
Y= 0 
0 =0 (which is true) 
Since x = 6 satisfy the given equation, therefore, 
the solution set is {6} i.e. S.S = {6} 
(i). Vx —3 -7=0 
Solution: As given Vx — 3 —7 =0 
Vx-3=7 
Taking square on both sides 
(Vx—3) =(7) 
x—-3=49 
x =a49 +3 
2 2 —— x=52 
a (which is true) Check: 
Since x = 5 satisfy the given equation, therefore, Vx =e —7=0 
the solution set is {5} ie. S.S = {5} Put x = 52 
Q#2) Solve each equation and check for ——= 
extraneous solution if any. Sans — 7 = 0 
(@). V38x+4=2 V49-7=0 
Solution: As given V3x + 4 = 2 aime 


; 0 =0 (which is true) 
On squaring, we get ; ; : ; 
Since x = 52 satisfy the given equation, therefore, 


2 
(V3x+4) = (2)? the solution set is {52} i.e. S.S = {52} 
ae es (iii). 2VE +4 = 5 
— 2 Solution: As given 2Vt +4 =5 
a=) Taking saquare on both sides 
2 
—(n)2 
Vix¥4 =2 (2ve¥4) =) 
4(t +4) =25 
4t+16=25 
ea 2 4t = 25-16 
v0+4=2 
2 = 2 (which is true) 


3(5)+0% 6 26)4+4 
2 ht! 
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)=s 
5 =5 (which is true) 


: ae ' : 
Since t = ‘i satisfy the given equation, therefore, 


the solution set is {=} ie. S.S = {=} 


4 
(v). V2x43 = Vx—2 
Solution: As given V2x + 3 = Vx —2 
Taking cube on both sides 
(V2x¥3) =(Vx—2) 
2x+3=x-2 
2X — a2 ae 
x=-5 
Check: 
V2x +8 = VxE2 
Putx =—5 
*/2(—5) + 3 = /(-5) -2 
v0 + Be Vee, 
= a 
Taking cube root, we have 
—7 = —7 (which is true) 
Since x = —5 satisfy the given equation, 
therefore, the solution set is {—5} ie. S.S = {—5} 
(v). V2—t = V2t— 28 
Solution: As given V2 —t = V2t — 28 
Taking cube on both sides 
(V2—t) = (¥2t—28) 
Z2=L=20= 28 
2+28=2t+t 
30 = 3t 
t= 10 
Check: 
V2—t = V2t— 28 
Put t = 10 


V2 — 10 = */2(10) — 28 
V—8 = V20 — 28 
V-8 = V-8 
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Taking cube root, we have 

—8 = —8 (which is true) 
Since t= 10 satisfy the given equation, therefore, 
the solution set is {10} i.e. S.S = {10} 


ose | x+1 5 
(viii). nas 2, xF 2 


: x+1 
Solution: As given = 
2x+5 


Taking square on both sides 
2 


x+1 
| = (2)2 
2x+5 (2) 


x+1 


2x+5 
x+1=4(2x +5) 
x+1=8x+ 20 
1—20=8x-x 

—19=7x 


V4=2 
2 = 2 (which is true) 


: 19. 3 ; ; 
Since x = — es satisfy the given equation, 


bie. ise 


19 
7 


therefore, the solution set is { 


aa 
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Absolute Value 
The Absolute value of real number ‘a’ is denoted 
by |a|, is defined as 
ne {° ifa=0 
—a ifa<0O 
For example, |6| = 6, |—5| = —(—5) =5 
|o| =0 
Some Properties of Absolute value 
If a,b € R, then 
(i). Ja] = 0 
(ii). |—a] = |a| 
(iii). ne |a||b| 


_ lal 
= op |b| #0 


EXERCISE 7.2 


Q#1) 1. Identify the following statements as 
True or False. 

(i) |x | = O has only one solution. -::T-:: 
(ii) All absolute value equations have two 
solutions. F °- 

(iii) The equation | x | 
2 orx = =?. eT ocecee 
(iv) The equation | x - 4| =-4 has no solution. 
(v) The equation | 2x - 3 | 
2x-3 = S5o0r2x +3 = 
Q#2) Solve for x 

(i). |3x —5| = 4 

Sol: As given |3x — 5| = 4 
By definition, we have 

3x —-5 =4o0r3x-5=—4 
3x =4+5 or3x=—-4+5 
3x =9 or3x=1 
x=30rx= - 

Check: 


= 21s equivalent tox = 


= Sis ooo to 
53 


|3x —5| = 4...(1) 
Put x = 3, in (1) 
33) -5| =4 
|I9—5|=4 
|4| = 4 
4 = 4 (which is true) 
Put x = =, in (1) 


1 
(g)-5|=4 
1-5) =4 
|—-4| = 4 
4 = 4 (which is true) 
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Since x = 3,- satisfy the given equation, 
therefore, the solution set is {3, } ie. S.S = {3, | 
(Gi). 5|3x+2|-4=11 


Solution: As given - I3x+2|-4=11 


1 
gl8x+2]=11+4 


1 
=|3x+2|=15 
5 [3x + 2I 


[3x + 2| = 30 
By definition, we have 
3x + 2 = 30 or 3x + 2 = —30 
3x = 30-2 or 3x =—-30-2 
3x = 28 or 3x = ——= 


28 32 
oo oe or x =-— 


3 
Check: 
= [3a+ 2) 4 = 11...) 


in (1) 


2)}-4=11 
ahs) *4- 


5l28+2|-4=11 


28 
Put x = —, 
3 


* 130) 4=11 
5 = 


1 
5(30)-4= 11 


15=4=11 
11 = 11 (which is true) 


—-4=11 


af 32 +2| 
2 


a 30|-—4=11 
5 = 


1 
5(30)-4=11 


15-4=11 
11 = 11 (which is true) 


. 28 
Since x = a 


therefore, the solution set is {= - 2h; ie. S.S = 
28 9-32 

ean 

(iii). |2x + 5| = 11 

Solution: As given |2x +5| = 11 

By definition, we have 
2x+5=11lor2x+5=-11 

2x =11-5 or2x =-11-5 

2x =6 or2x =—-16 


ae ; ; 
= satisfy the given equation, 
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x=3 or x=-8 2|x+ 2] =8 
Check: lx+2| = 4 
|2x +5] = 11...(1) By definition, we have 
Put x = 3, in (1) x+2=4o0rx+2=-4 
|2(3) +5] =11 x=4-2 orx=-4-2 
l6+5|=11 x=2 orx=-6 
(14) = 11 Check: 
11 = 11 (which is true) lx+2|-—3=5-—|x+2J]...(1) 
Put x = —8, in (1) Put x = 2, in (1) 
|2(-8) + 5] = 11 |[2+2|-3=5-|2+42| 
|-16 +5| =11 4,-3=5-|4| 
|-11] = 11 4-3=5-4 
11 = 11 (which is true) 1 = 1 (which is true) 

Since x = 3,—8 satisfy the given equation, Put x = —6, in (1) 
therefore, the solution set is {3, -8} i.e. 5.5 = |-6+ 2| -3 =5-|-6+2] 
{3, -8} l54)-3 =5—|-4| 
(iii). |3 + 2x| = |6x — 7| 4-—3=5-4 
Solution: As given |3 + 2x| = |6x — 7| 1 = 1 (which is true) 

[3 + 2x| Since x = 2,—6 satisfy the given equation, 

|6x — 7| 4 therefore, the solution set is {2, -—6} i.e. 5.5 = 

3+ 2x {2,-6} 
6x —7 (vi). S|x+3|+21=9 


By definition, we have F 
342% _ 34+2x Solution: As given > [“+3|+21=9 


=1or =-1 
6x-7 6x-7 1 
34+2x=6x-—7 of 3+2x=—6x4+7 glx +3l=9-21 
3+7 = 6x —2x or2x+ 6x =7-—3 1 
10 =4x or 8x =4 5 > el = — 
x=? or x=5 |x +3] = —24 
Check: Which is not possible as modulus value is always 
[3 + 2x| =alex — 7[ es non- a a 
5. 3-5x 
Put x = > in (1) (vil). = a 
3+2(2)| =|6(5)-7 Sol: As given is 
2 Z 
I3+5|=|15-7| 
|8| = |8] 
8 = 8 (which is true) 
Put x = 5, in (1) 


(0) =f) 


341) = 


4 = 4 (which is true) By definition, we have 
3-—5x=4o0r3—5x = —4 
: 3-4=5x or3+4=5x 
therefore, the solution set is {==} ie. S.S = —1=5x or7=5x 


: 2 eee : ; 
Since x = a satisfy the given equation, 


1 7 
x=--orx=- 
5 5 
(v). |x+2]/-—3=5-|x42| Check: 
Solution: As given |x + 2| -3 =5-—|x+2| 
Ix +2) +|x+2]=5+4+3 


= 

4 
oo 

Put x = > in (1) 
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a ree 
= 3(Which is true) 


Put x = <, in (1) 


3-5(5)| 12 


= “(which is true) 


2 
3 
7 


: 1 
Since x = — aie satisfy the given equation, 


therefore, the solution set is {-= as “hi ie. S.S = 


fee 
(viii). [=| = 6 
Solution: As given ol =6 


By definition, we have 
x+5 po a6 


2-x = 60 ay 
or x+5=-12+6x 


2-X 

x+5=12-6x 

x+6x=12-5 or54+12=6x-x 
7X =7 or 17=5x 


x=lorx= = 
Check: 


x+5 


2-Xx 


= 6...(1) 


Put x = 1, in (1) 
14+5 
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|6| = 6 
6 = 6 (which is true) 


Put x = = in (1) 


6 = 6 (which is true) 


: 17 {% ' . 
Since x = 1, a satisfy the given equation, 


therefore, the solution set is {1, =} ie. S.S = 


tLe} 
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Absolute Value 


A linear inequality in one variable x is an inequality in 
which the variable x occurs only to the first power and 


has the standard form 

ax +b <0,a #0 
where a and b are real numbers. We may replace the 
symbol < by >,<, = also. 


EXERCISE 7.3 


Q#1) Solve the following inequalities. 
(i). 3x+1<5x-4 

Solution: As given 3x + 1 < 5x — 4 
=> 5<2x 


5 
> 3 <x 
Hence, S.S = {x|x > >} 
(ii). 4x — 10.3 < 21x -1.8 
Solution: As given 4x — 10.3 < 21x —1.8 
=> —10.34+ 1.8 < 21x — 4x 


Hence, S.S = {x|x > —0.5} 
ee 1 1 
(ili). 4-5 x2 = oe 
Solution: As given 4 — ax =>—7+ ox 
Multiply by 4 
16—2x =>-28+%x 
16+ 28> x+2x 


Hence, S.S = {x|x < “Y 
(iv). x — 2(5 — 2x) > 6x — 35 
Solution: As given x — 2(5 — 2x) > 6x — 35 


7 
x— 10+ 4x 2 6x—5 


7 
5x — 10 > 6x — 3 
Multiply by 2 
10x —20 2 12x —-7 
—20+72> 12x -—10x 


> 
> 
> 
> 
> 


Hence, S.S = {x|x < —6.5} 
(s). Sete _ 2x4 Sea 

Sol: As given = a —1 
Multiply by 4 (LCM), we have 


3x+2 2x+1 
= 9x/ 9 )-9x( 3 )>ox@n 
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=> (3x 4+ 2) —3(2x+1)>-9 
=> 3x+2-6x-3>-9 
=> -3x-1>-9 
=> -1+9>3x 
> 8>3x 
8 
> aon 
Hence, S.S = {x|x < =} 
(vi). 3(2x + 1) — 2(2x + 5) < 5(3x — 2) 
Solution: As given 3(2x + 1) — 2(2x +5) < 
5(3x — 2) 
=> 6x+3-—4x-10<15x—-10 
=> 2x-—7<15x-10 
=> —74+10< 15x —2x 
=> 3<13x 
3 
is Ke 
Hence, S.S = {x|x > =} 
(vii). 3(x — 1) — (x- 2) > —2(x + 4) 
Solution: As given 3(x — 1) — (x — 2) > —2(x + 4) 
=> 3x-3-x+2>-2x-8 
=> 2x-1>-=2x-8 
> 2x+2x>-84+1 
=> 4x >-7 


e 7 

=> _—__— 

cna” 

Hence, S.S = {x|x > -3 

(viii), 2= + = (x — 4) > — 5 (8x +7) 

Solution: As given 2 “ + = (5x —-4)>- . (8x + 7) 


8 sc > tar +7 
> — — — — 
a oe et 


Multiply by 3 (LCM) 
8 2 


>3™x (-j@+7) 


8 + 2(5x — 4) > —(8x + 7) 
8+10x —8 > —8x — 7) 
10x > —-8x —7 
10x + 8x > —7 
18x > —-7 
7 
x< ~ 78 
Hence, S.S = {x|x < -43 
Q#2) Solve the following inequalities. 
(i). -4< 3x+5<8 
Solution: As given —4 < 3x +5 <8 
=> -4-5<3x<8-5 
> -9<3x <3 
9 3x 3 
> 73 < 3 < 3 
> -3<x<1 
Hence, S.S = {x| -3 <x <1} 


Class 9 Chapter 7 www.notes.pk.com 


(i). -5< <1 Solution: As given 3x —2 <2x+1<4x+17 
; 5% 3x-2<2x+1 or 2x+1<4x+17 
Solution: As given —5 < : <1 3x -—-2x<14+2 or 1-17< 4x-2x 

Multiply by 2 x<3 or —16< 2x 

=> -10<4-3x<2 x<3 or -—8<x 

> 10-4<4-3x-4<2-4 —8<xor x<3 

=> -14<-3x <-2 -8< x<3 

Multiply by —1 (inequality changes) Hence, S.S = {x| -—8 < x < 3} 
> 14>3x>2 


4 2 
>— — 
Piiogs 


Hence, S.S = {x|=>x>= 
(iii). -6 <== <6 

Solution: As given —6 < “= <6 
=> -24<x-2<24 

> —-2442<x-24+2<244+2 
=> -22<x< 26 

Hence, S.S = {x] — 22 < x < 26} 
(iv).3>4*>1 

Solution: As given 3 = 3 21 
> 627-x2>2 

> 6-72>-x2>2-Y 

=> -1l>-x2-5 

Multiply by —1 

=>1<x<5 

Hence, S.S = {x|1 < x Sa5} 
(v).3x-10<5<x+3 

Sol: As given 3x —-10<5<x+3 
3x-10<5 or 5<x+3 

> 3x<5+10 or 5-3<x 
=> 3x<15 or 2<x 
>x<5 or 2<x 
> 
> 


> 
2 
S 
=. 
© 
MO 
cr 
fe) 
—=—h 


2<x or x<5 
2% X05 
Hence, S.S = {x|2 < x <= 5} 
(vi). -3 <*> <4 
Solution: As given —3 < ~ = <4 
Multiply by —5 
> -5 x (-3) >-5 x( 


=> 15<x-4<-20 

=> 15+4<x<-204+4 

> 19>x>-16 

Hence, S.S = {x] — 16 < x < 19} 

(vii). 1-— 2x <5—-—x<25-6x 

Solution : As given 1 — 2x <5—x <25-— 6x 
1-—2x<5-x or 5-x<25-6x 
1-S5<-x+2x or —-x+6x<25-5 
-4<x or 5x<20 

-4<x or x<4 

-4<x<4 

Hence, S.S = {x| -—4 <x < 4} 

(viii). 3x —2 << 2x+1<4x+17 


x-4 
5 )<-5x@ 
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Coordinate Geometry Puts, = 8.23 = 6,y1 = Landy, =1 
The study of geometrical shapes in a plane is called ld] = y(6— (-8))* + (1-1)? 
plane geometry. Coordinate geometry is the study of i ; . 
geometrical shapes in the Cartesian plane (coordinate Id] = y(6 + 8)° + (0) 

plane). \d| = V142 

Distance Formula |d| = 14 


Let P(x1,y1) and Q(x2, yz) be two points in the 
coordinate plane where d is the length of the 


(d) A(—4, V2), B(—4, -3) 


Sol: As given A(—4, V2), B(—4, —3) 
line segment PQ. i.e. |PQ| = d and given as 


Id] = J (%2 —x1)* + O2 -— 1)? 
EXERCISE 9.1 


Q#1) Find the distance between the following pairs of 


points. |d| = .|(—4 — (-4))? + (-3 = v2) 
(a) A(9, 2), B(7, 2) 
Id| = |(-4 +4)? + (3 + V2) 


Using distance formula 


Id] = J (x2 — x1)? + O2 - 1)? 


Put x4 = —4, Xo = —4,y,4 = V2 and V2 = -3 


Sol: As given A(9, 2), B(7, 2) 

Using distance formula 

ld] = (@ — 41)? + O2 — 1)? 
Put x; = 9,%, =7,y, =2and y, =2 
Id] = (7-9)? + (2-2)? 

|d| = (2)? + (0)? 

ld| = V4 

|d| =2 


ld| = |(3 +v2)° 


|d) =3+v2 
(e) A(3, —11), B(3, —4) 
Sol: As given A(3, —11), B(3, —4) 
Using distance formula 
ld] = ¥ (%2 — %1)* + G2 -— 1)? 
Put x; = 3,x, = 3,y, = —1land y, = —4 
ld) = 8—3)) + -4—(- i) 
— [()2 4 (— 2 
Using distance formula |d| = y(0)° + (—4 + 11) 
ld = (G2 — 4)" + On — eae 


ld) =7 


(b) A(2, —6), B(3, —6) 
Sol: As given A(2, —6), B(3, —6) 


Put x; = 2,x, = 3,y, = —6and y, = —6 
ld) = (@- 2)? + (2-2)? 

|d| = (4)? + (0)? 

|d| =v1 

|d| =1 


(f) A(0, 0), BQO, —5) 
Sol: As given A(0, 0), B(0, —5) 
Using distance formula 


Id] = ¥ (%2 - x1)? + G2 - V1)? 


Put x; = 0,x2 = 0,y; = Oand yz =-—5 


|d| = yO — 0)* + (—5 — 0)? 


(c) A(—8, 1), B(6, 1) 
Sol: As given A(—8, 1), B(6, 1) 


Using distance formula 


Id] = ¥ (%2 - mF Oa vi)? 


|d| = (0)? + (—5)? 
|d| = V52 


Class 9 
\d| =5 


Q#2) Let P be the point on x-axis with x-coordinate a 
and Q be the point on y-axis with y-coordinate b as 
given below. Find the distance between P and Q. 


jija=9b=7 

Sol: As Givena = 9,b = 7 

P(a, 0) = P(9,0) and Q(0, b) = Q(0,7) 
Using distance formula 

IPQ| = f@2 — 1)? + G2 -— 1)? 

|PQ| = Y- 9)? + (7-0) 

IPQ| = V(-9)? + (7)? 

|PQ| = V81+ 49 

|PQ| = v130 

(ii)a = 2,b = 3 

Sol: As Givena = 2,b = 3 

P(a, 0) = P(2,0) and Q(0, b) = Q(0, 3) 


Using distance formula 


IPQ| = V2 - x1)? + Ga ye 


IPQ| = (0 — 2)? + 3 —0)2 
IPQ| = /(—2)? + (3)? 

|PQ| =v4+9 

|PQ| = v13 

(iii)a = —8,b = 6 


Sol: As Givena = —8,b = 6 

P(a, 9) = P(—8,0) and Q(0,b) = Q(0,6) 
Using distance formula 

IPQ| = G2 — 41)? + G2 — 1)? 

IPQ| = /( — (-8))? + (6 — 0)? 

IPQ| = V(8)? + (6)? 

|PQ| = V64 + 36 

|PQ| = V100 = 10 

(iv)a = -2,b = -3 

Sol: As Givena = —2,b = —3 

P(a, 9) = P(—2,0) and Q(0,b) = Q(0, —3) 


Chapter 9 


www.notes.pk.com 
Using distance formula 
IPQ] = V2 — x1)? + 2-1)? 
|PQ| = (0 — (-2))? + (-3 - 0) 
|PQ| = V2)? + (3) 
IPQ|=v4+9 
|PQ| = v13 
(v)a=V2,b=1 
Sol: As Givena = V2,b = 1 
P(a, 9) = P(V2,0) and Q(0,b) = Q(0, 1) 
Using distance formula 


IPQ| = V2 - x1)? + W2 - ¥1)? 


\PQ| = J(0- v2) +a -0) 
Pal = J(v2) +a 


|PQ| =v2+1 

|PQ| = v3 

(vi)a = —9,b = —4 

Sol: As Givena =—9,b = —4 
P(a, 9) = P(—9,0) and Q(0, b) = Q(0, —4) 
Using distance formula 

IPQ| = Vez — x1)? + G2 — 1)? 
|PQ| = 0 — (-9))? + (4-0)? 
IPQ) = /(9)? + 4)? 

|PQ| = V81+ 16 

|PQ| = v97 


Collinear or Non-collinear 
Points in the Plane 


Two or more than two points which lie on the same 
straight line are called collinear points with respect to 
that line; otherwise they are called non-collinear. 


Let m be a line, then all the points on line m are 
collinear. 


In the given figure, the points P and Q are collinear 
with respect to the line m and the points P and R are 
not collinear with respect to it. 
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Triangle 


A closed figure in a plane obtained by joining three 
non-collinear points is called a triangle. 


In the triangle ABC the non-collinear points 

A, B and C are the three vertices of the triangle ABC. 
The line segments AB, BC and CA are called sides of 
the triangle. 


C 


(i) Equilateral Triangle 


If the lengths of all the three sides of a triangle are 
same, then the triangle is called an equilateral triangle 


(ii) An Isosceles Triangle 

An isosceles triangle PQR is a triangle which has two 
of its sides with equal length while the third side has a 
different length. 


(iii) Right Angle Triangle 
A triangle in which one of the angles has measure 
equal to 90° is called a right angle triangle. 


(iv) Scalene Triangle 
A triangle is called a scalene triangle if measures of all 
the three sides are different. 


Square 


A square is a closed figure in the plane formed by four 
non-collinear points such that lengths of all sides are 
equal and measure of each angle is 90°. 


Rectangle 


A figure formed in the plane by four non-collinear 
points is called a rectangle if, 


(i) Its opposite sides are equal in length; 


(ii) The angle at each vertex is of measure 90°. 


Parallelogram 
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A figure formed by four non-collinear points in the 
plane is called a parallelogram if 


(i) its opposite sides are of equal length 


(ii) its opposite sides are parallel 


Let P(x,,y1) and Q (x2, yz) be any two points in the 
plane and M(x, y) be a mid-point of points P and Q on 
the line-segment PQ is given as 


X14 +x + 
Mid — point of PQ =M( ue 2) 


Zz. * 2 


EXERCISE 9.3 


Q#1) Find the mid-point of the line segment joining 
each of the following pairs of points 


(a) A(Q9, 2), B(7, 2) 
Sol: As given A(9, 2), B(7, 2) 
Using Mid-point formula 


xX, +x + 
Mid — point of PQ =M( > avs 2) 


Zz * 2 

Put x; = 9,x2 = 7,y, =2and yz = 2 
9+724+2 

Mid — point of PQ = u(——.—) 

16 *) 

2°2 

Mid — point of PQ = M(8, 2) 


Mid — point of PQ = m( 


(b) A(2, —6), B(3, —6) 
Sol: As given A(2, —6), B(3, —6) 
Using Mid-point formula 


x, +x + 
Mid — point of PQ= u (2) 


2 2 
Put x; = 2,x» = 3,y, = —6and y, = —6 
2+3 = -*) 


Mid — point of PQ = u(—, 5 


5 >) 
2’ 2 


Mid — point of PQ = m( 

Mid — point of PQ = M(2.5, -6) 
(c) A(—8, 1), B(6, 1) 

Sol: As given A(—8, 1), B(6, 1) 

Using Mid-point formula 


xX, +x + 
Mid — point of PQ = u(2 4) 


2 2 
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Put x; = —8,x2 =6,y,; =1landy,=1 


—-8+61+1 


Mid — point of PQ =M( 5 


Mid — point of PQ=M (+5) 
Mid — point of PQ = M(-1,1) 

(d) A(—4, 9), B(—4, —3) 

Sol: As given A(—4, V2), B(—4, —3) 
Using Mid-point formula 


xX, +x + 
Mid — point of PQ=M A] ) 


2 2 

Put x, = —4,x, = —4,y, = 9 and y, = -3 
—-4-4 9-3 

Mid — point of PQ = M( 7 ) 
—8 6 

Mid — point of PQ=M (=.5) 
2 2 

Mid — point of PQ = M(-—4,3) 

(e) A(3,-11), B(3, -4) 

Sol: As given A(3, —11), B(3, —4) 

Using Mid-point formula 


xX, +x + 
Mid — point of PQ = M( Z as 2) 


2 im 2 

Put x; = 3,x, = 3,y, = —1land y, = —4 
8 +3 Rae 

Mid — point of PQ =u(-——,——) 

2 2 

6 = 

a 2 

Mid — point of PQ = M(3,-—7.5) 


Mid — point of PQ = m( 


(f) A(0, 0), BQO, —5) 
Sol: As given A(0, 0), B(0, —5) 
Using Mid-point formula 


xX, +x + 
Mid — point of PQ = M (2,4 2) 


2 2 
Put x; = 0,x2 =0,y; =Oandy,=-—5 
0+0 0-5 


Mid — point of P =-u(—— >) 
i point of PQ 5 5 


0-5 
Mid — point of PQ=M (55) 


Mid — point of PQ = M(0,2.5) 
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REVIEW EXERCISE 


Q#2) Answer the following, which is true and which is 
false. 


(i) A line has two end points...F ..... 
(ii) A line segment has one end point...F ..... 
(iii) A triangle is formed by three collinear points. ...F 


(iv) Each side of a triangle has two collinear 
vertices...T... 


(v) The end points of each side of a rectangle are 
collinear...T .... 


(vi) All the points that lie on the x-axis are 
collinear...T ... 


(vii) Origin is the only point collinear with the points 
of both the axes separately. ...T.. 


